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INTRODUCTION 
The genetic selection for postweaning gain in rats and 
mice has resulted in genetic lines of animals with signifi­
cant differences in growth potential (Baker and Chapman, 
1975; Bradford, 1971). This provides an experimental unit 
for investigating the complex mechanisms of growth and cel­
lular development of skeletal muscle in animals selected 
for postweaning gain. 
Numerous research investigations involving cellular 
development of skeletal muscle have been directed towards 
the cellular components and their quantitative relationship 
to protein synthesis. Munro (1969) has suggested that the 
RNA/DNA ratio can be used as an index for measuring the 
extent of protein synthesis. Since protein synthesis is 
a significant part of muscle growth, it would seem that a 
study involving the interrelationships of DNA, RNA and 
protein synthesis during growth of animals with different 
potentials for growth would be of significance. 
Cheek et al. (1965) suggest that the faster growth 
rate observed in young rats is more related to replication 
of DNA rather than to increase in the size of muscle cells. 
Mi11ward et al. (1973) have discovered a relationship exists 
(P<.05) between rates of protein synthesis and RNA concen­
tration in rat skeletal muscle. Young (1974J has also found 
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that well-nourished rats have a higher rate of protein 
synthesis per unit of RNA than protein deficient animals. 
These studies support the importance of DM and Ml in the 
growth of skeletal muscle. 
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OBJECTIVES 
This thesis will encompass the following objectives. 
1. Obtain sufficient evidence relating to metabolic dif­
ferences that may exist between rats with different 
growth potentials. 
2. Evaluate the protein requirement of rats from parents 
selected for postweaning gain. 
3. Study growth, muscle cell development and body compo­
sition of male and female rats and ovariectomized 
female rats. 
h. Determine the relationship between levels of specific 
hormones (growth hormone and insulin) and growth rate. 
5. Study the effects of estrogen treatment on growth 
and development of ovariectomized female rats. 
LITERATURE REVIEW 
Animal Growth 
Laboratory animals selected for postweaning gain are 
effective models for studying growth, cellular development 
of skeletal muscle and body composition. Bradford (1971) 
discovered that weight gain in mice from 21-4-2 days in age 
was nearly doubled by 23 generations of selection for this 
trait. Baker and Chapman (1975) found that the selection 
for 3-9 week gain in rats resulted in a marked increase in 
the growth rate. These authors discovered that the selec­
tion for increased growth rate resulted in heavier body 
weights at 3 weeks as well as at 9 weeks of age. In beef 
cattle, Fitzhugh (1975) also reported that the selection 
for increased growth rate resulted in larger animals at 
birth, slaughter and maturity. 
The efficiency of converting feed to body gain by 
domestic animals varies with stages of growth. Smith (1975) 
reported that when animals with different growth potentials 
are compared it is evident that increased growth rate im­
proves the gross efficiency, however, differences in feed 
efficiency were not related to size or growth rate (Smith, 
1975; Brungardt, 1971) where animals of the same body compo­
sition were compared. 
Morris (1971) found that it is possible to improve the 
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gross efficiency (output of protein, energy, etc./input 
of protein, energy, etc. x 100) of nutrient utilization 
for growth and production by increasing output, without 
altering the net efficiencies (output/input minus main­
tenance X 100) of animals. There is some question of just 
how much genetic variation exists with respect to net ef­
ficiency. At least in poultry, there has been no genetic 
variation discovered in the net efficiencies of protein and 
individual amino acids for egg production in the laying 
hen (Morris, 1971). 
Cellular Development of Skeletal Muscle 
Muscle cell growth 
In a classical study concerning prenatal growth, Joubert 
(1956) observed that the muscle cell diameter only increased 
slightly during the first two-thirds of the prenatal growth 
period. Muscle growth during this growth period was con­
sidered to be an increase in the muscle cell number, while 
the major growth during the last one-third of the prenatal 
growth period was by hypertrophy. Thus, postnatal muscle 
growth in mammals is considered to be largely by cell en­
largement rather than by the multiplication of muscle fibers 
within a muscle (Stro^er et al. , 19740. 
Skeletal muscle enlargement during growth is due largely 
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to an increase in the number and size of individual myo­
fibrils within muscle cells (Goldspink, 1970). During post­
natal growth of the mouse, Goldspink (1970) has found that, 
in the biceps brachii muscle of growing animals, the number 
of myofibrils in some muscle fibers increases from 75 to 
1200 while the range of myofibril size was from OA to 1.2 
mm. Goldspink (1971) reported that the amount of contrac­
tile material (total cross-sectional area of the myofibrils) 
in an individual muscle fiber of the mouse may increase by 
as much as 4-0 fold during the period from birth to maturity. 
The increase in number and size of myofibrils was attributed 
to the subdivision of the myofibril as a result of the myo­
fibrils splitting once they attain a certain size. Gold­
spink (1971) suggests that the splitting of the myofibril 
allows the sarcoplasmic reticulum and the transverse tubular 
systems to develop to the same extent as the myosin and 
actin filament mass. 
Morkin (1970) studied the mechanism of contractile 
protein synthesis during postnatal life by labeling young 
rat diaphragms in vitro with ^ H-leucine. The grain distri­
bution of the glycerinated fibers in electron microscopic 
radiographs indicated that myofibrillar proteins are added 
about the periphery of existing fibrils. 
Luff and Goldspink (1967, 1970) reported that mice 
selected for increased body weight possess larger muscles 
7 
than mice selected for smaller body size. Luff and Gold-
spink (1967) found that the mean fiber cross-sectional area 
of specific muscles (biceps brachii. soleus. anterior 
tibialis. extensor digitorum longus) for rats selected for 
increased body weight was larger than the mean fiber cross-
sectional area of muscles from smaller rats. Also for all 
muscles except the soleus. the rats selected for increased 
weight gain had significantly greater total fiber number. 
Swatland and Cassens (1972) also reported that mean fiber 
diameters of the vastus lateralis muscle from high gain 
rats were larger than the mean fiber diameters of low gain 
rats. Because of the large number of fibers in the muscle 
examined; no attempt was made to study muscle fiber number. 
Ezekwe and Martin (1975) found that the semimembranosus 
muscle from mice selected for increased growth rate had 
significantly greater fiber numbers and larger fiber 
diameter. 
DNA and RNA - indicators of cellular growth 
It has been well documented that DNA and RNA are in­
volved in regulation of protein synthesis in skeletal muscle. 
The transcription phase of« protein synthesis involves the 
nucleus, its DNA and the synthesis of messenger RNA (m-RNA), 
transfer RNA (t-RNA) and ribosomal RNA (r-RNA) which are 
transferred to the cytoplasm for the purpose of polypeptide 
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synthesis. In the cytoplasm,these nucleic acids perform 
their specific function of fabricating proteins which is 
the translational phase (Young, 197^). 
Ribosomal RM contributes the greatest portion of the 
total RNA and is essential to the muscle for the synthesis 
of contractile proteins. Munro (1969) and Munro and Gray 
(1969) suggest that the RNA concentration in a tissue is a 
reasonable indication of protein synthesis and that a high 
ratio of RNA to DNA provides an index which indicates a 
greater rate for protein synthesis per unit of DNA. Topel 
(1971) reported that a muscular strain of pigs had higher 
RNA to DNA ratios than a fat strain from 22.7 to 13? kg 
suggesting that the more muscular strain can synthesize 
more protein per unit of DNA. 
Although early research in muscle biology suggested 
that muscle nuclei do not increase, Enesco (1961) discovered 
that the total DNA content of the biceps brachii. 
gastrocnemius or the soleus muscles of male rats increased 
markedly from 17 to 95 days in age. The total number of 
nuclei (DNA content/6.2 pg) was estimated by assuming each 
diploid muscle nuclei to contain 6.2 pg DNA (Mirsky and Ris, 
19^9)* These authors concluded that muscle growth in the 
young rat was due to the hypertrophy of preexisting muscle 
fibers and the increase in number of nuclei was the result 
of greater number of nuclei per fiber. Enesco. and Leblond 
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(1962) also observed that, up to 17 days of age, accretion of 
DNA was quite rapid and there was little or no change in 
mass weight of muscle per nucleus. This supports the evi­
dence that the total number of nuclei increases in each 
muscle cell during growth as has been reported by Winick 
and Noble (1965) and Cheek et al. (1971). 
The satellite cell which is a special cell found in 
skeletal muscle has received considerable attention with 
respect to the increase in the total number of nuclei in 
muscle fibers. This mononucleated cell lies between the 
basement membrane and the plasmalema of the fibers while 
true muscle nuclei lie with the plasmalemma. MacConnachie 
et al. (19640 reported that the number of muscle fiber 
nuclei in young growing rats does increase and that the 
satellite cell possess mitotic capabilities. Moss and 
Leblond (1970, 1971) with the use of electron microscope 
radioautography demonstrated that true muscle nuclei do 
not divide. Instead, the satellite cells associated with 
muscle fibers are capable of undergoing mitosis (Moss and 
Leblond, 1970) and are capable of fusing with skeletal 
muscle cells (Moss and Leblond, 1970). Such mitosis and 
fision are followed by the incorporation of one or both 
daughter nuclei into the association muscle fiber. Sat­
ellite cells thus seem to function as myoblasts in growing 
muscle. 
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The DM content of body organs has been used as an 
indicator of the number of cells per organ [(total 
DNA)/(DNA/nucleus)]. Likewise the ratio of protein to DNA 
is regarded as an indication of cell size. Cheek et al. 
(1971) suggested that a particular nucleus within a muscle 
fiber exerts control over only a small portion of cytoplasm 
and referred to this as a "physiological cell" even though 
muscle fibers are multinucleated. Cheek et al. (1965) re­
ported an eight fold increase in cell size and a five fold 
increase in cell number (physiological cell) in skeletal 
muscles of rats from 1 to 8 weeks in age. 
In selected strains of pigs Ezekwe and Martin (1975) 
found that faster gaining pigs had significantly greater 
amounts of DNA, RNA and protein in the semitendinosus 
muscle than pigs with reduced growth potential. Increased 
RNA/DNA and protein/DNA ratios observed in pigs with in­
creased growth rate lead the authors to conclude that the 
greater muscle growth in faster gaining pigs was achieved 
by greater cell numbers (DNA) and cell size (protein/DNA). 
Greater cell numbers (DNA) have also been found to exist 
in strains of mice selected for increased growth rate 
(Ezekwe and Martin, 1975; Robinson and Bradford, 1969). 
In Holstein and Angus cattle weighing approximately 
180 kg, Kertz (1974J discovered considerable difference 
between Holstein and Angus cattle with respect to total 
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muscle RM, DM and protein when slaughtered at 0, 63, 1^0 
and 22k- days of a growth study. Total DNA and ERA of the 
biceps femoris. longissimus dorsi or triceps brachii muscle 
in Holstein cattle continued to increase to 224 days but 
total DNA levels of the same specific muscles from the 
Angus cattle were fairly constant from 63 to 22^ days. Total 
RNA levels per muscle continued to increase after 63 days in 
Angus cattle. Cell size (protein/DNA) in Holstein cattle 
did not increase after 63 days while cell size in Angus cat­
tle increased from 0-22^  days. These data suggest that 
muscle growth in the Holstein cattle increased by cell num­
ber and cell size during the 22^ day trial period while 
muscle in the Angus cattle increased largely by cell size 
beyond 63 days of the trial. 
Sarcoplasmic and myofibrillar protein 
In rats, Gordon et al. (1966) found that DNA levels in 
muscle of rats plateaued at approximately 90 days of age 
while sarcoplasmic and myofibrillar protein fractions 
plateaued at approximately l4-0 days and the fibrillar pro­
tein component accumulated more rapidly than the sarcoplasmic 
protein fraction. Young (19740 also observed that the in­
crease in myofibrillar fraction predominates over the sar­
coplasmic fraction during rapid growth. Dickerson and 
Widdowson (I960) reported that the concentration of 
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sarcoplasmic protein in muscle tissue during postnatal de­
velopment of pigs increased from I3.7 g/kg in the newborn pig 
to 50.0 g/kg in the adult animal, while the myofibrillar 
protein fraction increased from ^0.6 g/kg in the newborn 
pig to 123.7 g/kg in the adult. In cattle, LaFlamme et al. 
(1973) reported that myofibrillar protein increased from 
approximately 65*0 mg protein/g fresh tissue in male ani­
mals weighing ^5 kg body weight to approximately 105 mg 
protein/g in animals weighing kg body weight. However, 
the sarcoplasmic protein fraction only increased from ap­
proximately 58 mg/g in the ^ 5 kg weight animals to 70 mg 
protein/g in the animals weighing ^5 kg. Topel (1971) 
reported that a lean strain of swine had significantly more 
extractable myofibrillar protein than a fat strain while 
the fat strain had more extractable sarcoplasmic protein. 
The myofibrillar protein fraction was found to increase 
from 22.5 mg/g in 1 kg pigs to 76.2 mg/g in pigs weighing 
137 kg while the sarcoplasmic protein fraction increased 
from 27.4 mg/g in 1 kg pigs to 69.5 In 137 kg pigs. 
Growth Hormone 
Muscle growth and development ccases following hy-
pophysectomy while injections of growth hormone restores 
the growth process (Evans et al., 19^8; Bigland and Jehring, 
1952). There is evidence that growth hormone is necessary 
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for DNA replication (Beach and Kostyo, 1968). Hypophy-
sectomized rats treated with growth hormone for 7 days 
showed an increase in the amount of DNA in skeletal muscle. 
Since pituitary growth hormone can increase the amount of 
DNA in skeletal muscle, it was concluded that the increase 
in muscle DNA, which occurs during the course of normal 
growth in rats, is dependent upon growth hormone. Cheek 
et al. (1971) also found growth hormone to be necessary 
for cell multiplication. Kostyo (1968) and Young (1970) 
suggested that the major effects of growth hormone is on 
amino acid incorporation into protein with somewhat limited 
effects on amino acid transport. 
In an attempt to relate plasma levels of growth hor­
mone to growth rate, several research investigations have 
found that growth hormone tends to be negatively correlated 
with growth rate (Trenkle, 1970a; Siers and Hazel, 1970; 
Chappel and Dunkin, 197^). Siers and Swiger (1971) meas­
ured plasma growth hormone levels in pigs at constant ages 
of 71, 10^- and 14-7 days of age and found that pigs of the 
same age were significantly different in plasma growth 
hormone levels which was attributed to size differences. 
Plasma growth hormone levels tended to be negatively cor­
related with growth rate and there appeared to be a decrease 
in circulating growth hormone levels as animals become 
larger. 
I k  
Insulin 
Insulin is necessary for normal growth as protein 
synthesis is depressed in its absence and stimulated in 
its presence (Wool et al., 1972). The role of insulin in 
protein metabolism is to increase the cellular uptake of 
amino acids and to enhance incorporation of amino acids into 
muscle protein (Munro et al., 1959; Wool et al., 1968; 
Manchester, 1972). 
Wool and Meyer (196U-) suggested that insulin exerts 
a stimulatory effect on protein synthesis by coordinating 
translation of messenger RNA rather than transcription of 
structural genes into complementary messengers. Manchester 
(1972) indicated that insulin may promote the attachment 
of ribosomes to messenger RNA. 
Although attempts have been made to associate plasma 
levels of insulin with growth rate, the relationship of 
insulin and growth rate per se is difficult to assess. In 
finishing cattle, Trenkle (1970a) reported that plasma 
levels of insulin were positively correlated with growth 
rate while growth hormone tended to be negatively corre­
lated with growth rate. Kertz (19740 found that in Hol-
stein and Angus cattle plasma insulin levels increase with 
age, and particularly with higher feed intake. 
Body Composition 
Chemical composition has been used extensively to 
study growth and development of domestic animals. Num­
erous research investigators have reported that lipid and 
water within ingesta-free bodies of animals are negatively 
correlated and percent lipid can be predicted from the per­
cent water (Reid, 1971; Gnaedinger et al., 1963? Bobbins 
et al., 1974). 
Bobbins et al. (1974), in studies with white-tailed 
deer ranging from 6 to 67 kg body weight, found that body 
water, ash, protein and caloric content were shown to have 
a linear relationship with empty body weight. As empty 
body weight increased so did each of the chemical com­
ponents. Reid (1971) also reported a high relationship 
between body weight and body water, lipid, protein or ash, 
with correlation coefficients of 0.993, 0.976, 0.992 and 
0.958 respectively. 
Waldman et al. (1971) have found that when cattle 
were slaughtered at birth, 91, 227, 3^1, 455 and 590 kg 
body weight, percent lipid in the carcass increased while 
percent water decreased with increases in body weight. 
Percent protein in the carcass increased to 227 kg but 
then accounted for a smaller (P<.01) proportion thereafter. 
Topel (1971) reported that when pigs were slaughtered at 
1 kg, 4l kg, 91 kg and 137 kg body weight, percent protein 
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in the carcass increased to 41 kg and then decreased as 
body weight increased to 137 kg. However, Bobbins et al. 
(19740 showed that percent protein of the ingesta-free 
body appeared to remain fairly constant over a range of 
6-67 kg body weight in the white-tailed deer. The protein 
and water content of the ingesta-free body remained high 
in mature white-tailed deer while lipid was low in compari­
son with cattle and sheep as was reported by Reid et al. 
(1955). 
Nitrogen Balance 
Nitrogen balance technique gives measurement of nitro­
gen retention and is a useful method for determining the 
nutritional state of animals subjected to various nutri­
tional regimes. By definition, nitrogen balance is 
the difference between dietary nitrogen intake and the 
nitrogen excretion (Allison, 1955)* 
The effect of energy on nitrogen balance 
Adequate energy is essential to prevent the oxidation 
of body protein not properly included in the endogenous 
nitrogen (Mitchell, 1924). Rosenthal and Allison (1956) 
discovered that excretion of urinary nitrogen increased and 
nitrogen balance decreased as the caloric intake was lowered 
in rats fed diets constant in protein. Continued 
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deprivation in caloric intake resulted in marked losses in 
tissue nitrogen. With male human subjects, Anderson et al. 
(1969) discovered that nitrogen retention was significantly 
increased by raising the caloric intake by 500 kcal/day. 
Efficient nitrogen utilization cannot occur if dietary 
energy is a limiting factor (Morrison and Rao, 1967). There­
fore, it has been concluded that at a fixed adequate pro­
tein intake, energy level is the deciding factor in nitro­
gen balance while at a fixed adequate caloric intake, pro­
tein level is the deciding factor (Chang, 1971). 
The effects of protein on nitrogen balance 
Furuya et al. (1970) found that 28 day old rats fed a 
casein diet containing 16^ protein significantly retained 
more nitrogen than animals receiving a 2hfo protein diet. 
In a study with 285 g rats, Berdanier et al. (1967) showed 
significant increases in the nitrogen balance with casein 
diets containing 2, 6 and 10 percent protein, suggesting 
that protein was not in excess of the requirement. With 
older rats weighing approximately 360 g, Chang (1971) found 
that a 21.5 percent protein, lactalbumin diet did not fur­
ther increase nitrogen retention above a 17.2 percent pro­
tein diet. Hartsook and Hershberger (1963) with young rats 
obtained greater nitrogen retention, weight gain and feed 
efficiency with a 25 percent protein casein type diet when 
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compared with 8, ^ 1 and ^7 percent protein diets. These 
results indicate that the ^1 and 57 percent protein diets 
were in excess of the daily requirements for protein which 
resulted in an increase in catabolism of body proteins. 
When the intake of protein exceeds the requirement, the 
efficiency of utilization will decrease rapidly since pro­
tein cannot be stored in the body to any appreciable extent 
(Hegsted and Chang, 1965)» 
Effects of Ovariectomy on Growth in Rats 
Body weight 
Holt et al. (1936) discovered that female rats, when 
spayed between 33 and 79 days of age, gained more weight 
than controls and maintained this difference in weight over 
a 52 week period. Nyda et al. (1948) also found that 
ovariectomy of ^2-4^ day old (85 g) rats increased body 
weight gain by 4-6 g in 4-0 days. However, administration 
of estradiol benzoate three times a week (2.1 mg/day) to 
ovariectomized animals resulted in gains comparable to nor­
mal controls. In 80-120 day old rats, Dubuc (1974-) dis­
covered that 1.5-2.0 mg Estradiol-l?^ benzoate implants 
were effective in preventing increased growth rate in 
ovariectomized animals. Dubuc (1974J also noted that delay­
ing implantations until 32 weeks following ovariectomy led 
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to a large weight loss. The removal of the implant 10 weeks 
later resulted in an increased growth rate but the animals 
did not reach the weight of the ovariectomized controls. 
Delaying implantation until 5 weeks after ovariectomy re­
sulted in a significantly reduced rate of weight gain (less 
than 0.3/day) while upon implant removal the rats regained 
to the ovariectomized controls. It was concluded that the 
effectiveness of the estradiol in reducing body weight gain 
was proportional to the level of "obesity" which the rats 
had attained. Redwick et al. (1973) have shown that injec­
tion of 1 mg/day of estradiol benzoate is sufficient to 
suppress weight gain and food consumption in ovariecto­
mized rats weighing approximately 290 g body weight. Al­
though weight gain was suppressed, food intake was suf­
ficient to maintain the animal at a constant weight (280 g) 
following treatment with estradiol. In ovariectomized-
adrenalectomized rats, estradiol was only effective in re­
ducing food intake when the rats were gaining in weight as 
a result of a high lipid diet. This led the authors to con­
clude that the effect of estradiol is on weight regulation 
rather than food intake per se. 
Food intake 
The total food intake of ovariectomized rats is greater 
than normal female rats (Bull et al., 1975? Holt et al.. 
20 
1936), but the amount of food consumed per g of body weight 
is in fact somewhat less (Holt et al., 1936). Although 
voluntary food intake increases as the animal grows, it 
does not do so in direct proportion to increase in body 
weight (Forbes, 1971). 
Pickard ^  aJ. (1969) discovered that feed intake of 
cattle, as a proportion of live weight, declined as the 
body weight increased. Bines (1971) suggested that in a 
given physiological state, animal's growth to maximum 
limit is determined by its genetic makeup, providing intake 
of energy and other nutrients is not limiting. Widdowson 
(1971) found that it is energy expenditure which regulates 
food intake in every species and that young animals have 
to adjust their intake of food to meet their changing 
metabolic requirements. As the growing animal increases 
in body weight, they need additional food but require less 
per unit of body weight. In the growing animal, nutrients 
in the form of protein, carbohydrates and lipid are needed 
to lay down and maintain the new tissue. 
Cellular development of skeletal muscle 
The acceleration in growth rate observed in ovariecto-
mized rats is characterized by an increase in the nuclear 
number (DNA) as compared with intact females (Cheek and 
Hill, 1974). When the ratio of protein to DNA in the muscle 
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tissue was plotted against muscle mass, the relationship 
was quadratic for females and cubic for males. Cheek and 
Hill (197^ ) found that castrated females show the male 
pattern for growth. Increase in cell size (protein/DM) 
is faster for the female rat up to sexual maturity but 
after that the male increases cell size more rapidly 
possessing more and larger muscle cells (Cheek, 1968). 
The pattern of muscle cell development in skeletal muscle 
of female rats has led to the speculation that estrogens 
inhibits cell number (DNA) multiplication possibly by 
antagonizing growth hormone and the sulfation factor at the 
peripheral level so that the increase in nuclear number is 
not as great in female as males. 
Josimovich et al. (1967) demonstrated a partial in­
hibitory effect of estradiol on growth hormone induced 
widening of the tibial epiphyseal cartilage of hypophy-
sectomized rats. The effects of estrogen occurred inde­
pendently of the effects of the estrogen on dietary intake. 
Simpson et al. (19^ +2) with histological studies, observed 
that estrin implants (alpha-estradiol dipropionate, 10 mg) 
when administered to 71 day old rats and autopsied 7 days 
later caused a marked shrinkage of the epiphyseal cartilage 
of the tibia. The growth disc of the costochondral junction 
also exhibited extensive ossification that was associated 
with endochondral bone formation. 
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Somatomedin 
It has been suggested that all of the anabolic actions 
of growth hormone may not be direct but rather some actions 
may be mediated by a sulfaction factor (somatomedin) found 
in the serum of normal and growth hormone treated animals 
(Kostyo and Nutting, 197^ ). Salmon and Duvall (1970) sug­
gest that the enhancement of synthesis of protein in cart­
ilage by somatomedin precedes and may well initiate the 
stimulation of RNA synthesis and sulfate incorporation. As 
a result of experimental investigations associating growth 
hormone and somatomedin, Salmon and Duvall (1970) have 
concluded that the increased leucine incorporation into 
cartilage protein of hypophysectomized rats is mediated by 
somatomedin. 
In growth hormone-deficient patients, Wiedemann and 
Schwartz (1972) discovered that subnormal somatomedin 
levels rose to normal or higher with human growth hormone 
administration but that estrogen therapy prevented a rise 
in somatomedin. Estrogen, however, did not affect the 
anabolic response to growth hormone treatment in growth hor­
mone deficient patients. These findings coupled with simi­
lar results by Schwartz et al. (1969) have led the authors 
to conclude that somatomedin may mediate not only the ef­
fects on cartilage but possibly the resorptive effects of 
growth hormone as well. The responses to growth of the 
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estrogen-treated patients implies that the anabolic action 
of growth hormone does not require elevation of somatomedin, 
but is a direct effect upon target tissue. However, ana­
bolic action (in vitro) of purified somatomedin upon rat 
diaphragm muscle has been suggested by Salmon and Duvall 
(1970) . Hall and Bozovic (1969) demonstrated that, during 
incubation of rat muscle tissue in a physiological medium, 
substances are released which stimulate the incorporation 
of sulfate in the embryonic cartilage. The addition of 
growth hormone to the muscle in vitro appeared to increase 
the production of somatomedin-like factors. 
Body composition 
In female rats ovariectomy is followed by an increase 
in growth but not by an increase in deposition of lipid 
(Holt et al., 1936; Nyda et al., 19^ +8). The chemical anal­
yses of female rats shows that the percent dry matter, ni­
trogen, ash and lipid are about the same in ovariectomized 
and control animals. Holt et al. (1936) found that carcasses 
of ovariectomized females contain 3»55 percent N and 9.23 per­
cent lipid while carcasses of intact females contained 3•'+8 
percent N and 9. 52 percent lipid when sacrificed at 52 weeks 
in age. Nyda et al. (19^ 8) found a larger total amount of 
lipid in ovariectomized rats at approximately 12 weeks in age 
but the percent lipid was slightly lower than that of intact 
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female rats. This would be expected as the ovariectomized 
rats were considerably heavier at the same age. The ad­
ministration of estradiol to intact female rats resulted 
in a slight increase in total amount and percentage of lipid 
while the rats that were ovariectomized and treated with 
estradiol showed the greatest amount and percentage of 
lipid of all the treatments imposed. 
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GENERAL MâTERIALS AND METHODS 
Rats with different genetic potential for growth were 
obtained from Dr. Chapman at the University of Wisconsin to 
establish a breeding colony. Rapid and slow growing ani­
mals as described by Baker and Chapman (1969) resulted from 
16 generations of selection for increased (high line, lines 
9 and 10) or decreased (low line, lines 11 and 12) 3-9 week 
postweaning gain, followed by 11 generations of random se­
lection. The population was then again subjected to 7 gen­
erations of selection for increased or decreased gain and 
followed with 9 generations of random selection. No se­
lection was practiced during the time the author maintained 
the colony. Sufficient numbers of males and females of each 
line were maintained in the colony to provide adequate num­
bers of animals for the experiments to be reported. Older 
animals were replaced with rats from the Wth generation 
to provide additional breeding animals. 
For two of the studies of the effects of ovariectomy 
on growth of rats, female rats of the Sprague-Dawley strain 
were purchased from Sprague-Dawley, Inc., Madison, Wiscon­
sin. 
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Laboratory Analysis 
Muscle proteins 
The sarcoplasmic and myofibrillar protein fractions 
were measured in paired rectus femoris muscles with methods 
described by Helander (1957)* The muscles were suspended 
in 10 volumes of a 0.03 M phosphate buffer (pH 7.^ ) and 
homogenized in a glass tissue grinder. The sarcoplasmic 
proteins were extracted with gentle stirring for 2 hr at 
2°. The homogenate was then centrifuged at 15,000 x g for 
15 minutes and the supernatant poured through two layers 
of cheese cloth. The sediment was reextracted and the 
supernatants were combined and brought to volume with 0.03 
M phosphate buffer (pH 7.^ ). 
Myofibrillar proteins were extracted from the residue 
by suspending in 10 volumes of 1.1 M KI and stirring for 3 
hours at 2°. The suspension was centrifuged at 15,000 x g 
for 15 minutes and the supernatant poured through two layers 
of cheese cloth. The extraction was repeated and both 
supernatants were combined and brought to constant volume. 
The protein content of each fraction was determined in 
duplicate by the biuret method outlined by Gornall et al. 
(19^ 9) using bovine serum albumin as a standard. 
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RM. DM and protein 
RNA, DNA and total protein content of paired gastro-
nemius muscles were determined by a modified Schmidt-
Thaunhauser method outlined by Munro and Fleck (1969)» 
The muscles were homogenized in 0.4 N Kd with a Polytron 
homogenizer. The homogenate was diluted to 50 volumes with 
0.^ - N KCl and duplicate 1, 7.5 and 1 ml aliquots were taken 
for determination of DM, RM and protein. 
RNA Nucleic acids and proteins were precipitated 
by adding 1.5 ml of 1.2 N HCIO^  to each 7.5 nil aliquot of 
muscle homogenate. After standing for 10 minutes in an 
ice bath the precipitate was sedimented at 4500 x g for 
15 minutes and the supernatant discarded. The precipitate 
was washed two times with 2 mis of cold 0.2 N HCIC^ . The 
precipitate was suspended in 3.0 ml of 0.6 N KOH and incu­
bated at 37° for one hour to hydrolyze the RNA. After in­
cubation, the tubes were placed in an ice bath and 2 mis of 
1.2 N HCIO^  were added. After standing for 10 minutes, the 
precipitate was sedimented at 6000 x g for 15 minutes and 
the supernatant decanted into 25 ml volumetric flasks. The 
precipitate was washed two times with 6.5 ml cold 0.2 N 
HCIC^ , centrifuged and the supernatant added to the volu­
metric flasks. Distilled water was added to each flask to 
dilute the contents to 25 ml. RNA was determined in the 
solution by measuring absorbance at 260 nm and comparing 
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with absorbance of solutions containing highly polymerized 
yeast RNA as standards. The absorbance of the solutions 
containing RNA were corrected for protein in the solutions 
as recommended by Munro and Fleck (1969). 
DNA To tubes containing 1.0 ml aliquot of muscle 
homogenate for DNA analysis were added 1 ml 0.2 N KOH, 1 
ml of 0.08^  indole (made fresh each day) and 1 ml of ^  If 
HCl. The contents were mixed and heated in a boiling water 
bath for 15 minutes and then cooled rapidly in an ice water 
bath. The solution was extracted three times with 3*75 ml 
of chloroform. After the last extraction, the tubes were 
centrifuged at 800 x g to remove traces of chloroform from 
the aqueous layer. The absorbance of the aqueous layer con­
taining the DNA was determined at 4-90 nm. Purified DNA 
isolated from calf thymus was used as the standard. 
Protein The proteins in 1 ml aliquot of the muscle 
homogenates were dissolved by adding 4' ml of 3*75^  (W/v) 
NaOH and heated for 30 minutes at 37°. The solutions were 
diluted 1 to 10 with distilled water and protein was de­
termined by the procedures of Lowry et al. (1951)* Bovine 
serum albumin was used as the standard. 
Growth hormone 
Growth hormone in blood plasma or extracts of the 
pituitaries were determined by a modification of the charcoal 
29 
radioimmunoassay of Herbert et al. (1965) as outlined by 
Trenkle (1970c). Purified rat growth hormone (NIH, B-2, 
0.9 IV/mg) was labelled with (Greenwood et al., 1963) 
and just before use was further purified on a Sephadex 
G-I50 column. Diluted plasma or solutions of rat growth 
hormone (0.1 ml) were incubated in triplicate with 0.4- ml 
diluted antiserum for 1 day at ^  C in 10 x 75 mm disposable 
plastic culture tubes. Sodium barbital buffer, pH 8.6, 0.1 
ionic strength, containing 0.25^  (w/v) bovine serum albumin 
was used as diluent. The ^ ^^ I-labelled growth hormone (0.5 
ml) was added to each tube, and the tubes were incubated 
another day at Free and antibody bound growth hormone 
were separated by adding 1.5 ml of albumin-dextran-charcoal 
suspension (7.5 g Norite A, 0.75 g dextran-80 and 3 g bovine 
serum albumin per 100 ml of the pH 7.4 buffer, defined by 
Herbert et al., 1965) and then allowed to stand for 2 hours 
at 4°. After centrifuging at 4,000 x g for 10 minutes the 
supernatant solution was removed by aspiration and the 
radioactivity bound to charcoal was counted in an automatic 
gamma counter. 
Growth hormone was extracted from anterior pituitaries 
by grinding the pituitaries in a glass tissue homogenizer 
with 10 ml 0.01 N NaOH. The homogenate was frozen and 
thawed before centrifuging to obtain the supernatant solution 
for growth hormone assay. Aliquots of the supernatant 
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solution were diluted in the diluent used in the radio­
immunoassay. 
Insulin 
Plasma insulin levels were determined using a radio­
immunoassay technique originally described by Herbert et 
al. (1965) and modified by Trenkle (1970b). Purified 
porcine insulin (25.9 v/mg) was used as the standard and 
for labelling with All samples and standards were 
run in triplicate. Dilute antibody {O.k ml) was incubated 
for 1 day at in 10 x 75 nmi disposable plastic culture 
tubes with solutions of insulin or plasma samples (0.1 ml). 
Insulin labelled with ^ ^^ I (0.05 ml) was added and the tubes 
incubated for 1 day at 4-°. Following the final incubation, 
plasma was added to each tube to bring the total volume of 
plasma in each tube to 0.3 ml after which 1.5 nil of a sus­
pension of talcum powder (6.7 g per 100 ml of pH 7.4-
acetate-barbital buffer defined by Herbert et al., 1965) 
was added with mixing. The tubes were then allowed to 
stand for 2 hours at 4-°. Following centrifuging at 4-000 
X g for 10 minutes the radioactivity bound to the talcum 
powder was measured in an automatic gamma counter. 
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PART I. A STUDY OF GROWTH, METABOLISM AND 
MUSCLE CELLULAR DEVELOPMENT OF RATS 
WITH DIFFERENT GROWTH POTENTIAL 
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INTRODUCTION 
Postweaning gain can be significantly increased by-
genetic selection (Frahm and Brown, 1975; Baker and Chap­
man, 19751. 
Three experiments were conducted in this study involv­
ing rats from parents selected for fast or slow postweaning 
gain from 3-9 weeks of age as previously described. The 
purpose of the first experiment was to study protein and 
energy metabolism in the two lines under conditions of 
optimum growth. The second experiment was designed to 
further investigate the protein requirement in rats of known 
genetic background. The final experiment was a detailed 
study of growth, muscle cellular development and body com­
position of rats sacrificed at constant body weights. 
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MATERIALS AND METHODS 
Experiment I 
Twelve, 4-week old rats representing equal numbers of 
high line (line 10) and low line (line 12) rats were used 
in this experiment. Two rats from each line were randomly 
assigned to three different semipurified diets containing 
10.75, 13.88 and 17.63 percent protein (Tables 1 and 2). 
The rats were randomly assigned to individual cages in a tem­
perature controlled room (24 + 1°) with automatically con­
trolled lights (l4 hours of light daily). The rats were al­
lowed feed and water ^  libitum during the experimental per­
iod. Six additional rats from each growth line were sacri­
ficed for determination of initial body composition. 
At 6 weeks of age the metabolism phase of the experi­
ment was initiated and each animal was placed in individual 
metabolism cages for a 3 week period. Urine was collected 
weekly in 50 ml plastic bottles containig 5 ml of 5 N HGl 
and the weekly samples were pooled for analysis. The feces 
were collected in glass beakers. The 3 weekly fecal col­
lections were pooled at the termination of the balance 
study. Growth rate and diet consumption were recorded each 
week. 
When the rats reached 9 weeks of age, the experiment 
was terminated and the rats were sacrificed by decapitation 
3^ 
Table 1. Composition of experimental diets 
Experimental diets 
Constituents 1 2 3 4 5 
Cornstarch 62.? 54. 5 50.5 46. ? 38.? 
Celluloses- 5.0 5-0 ?.0 5. 0 5.0 
Corn oil 10.0 10. 0 10.0 10. 0 10.0 
Sucrose 10.0 10. 0 10.0 10. 0 10.0 
Casein^  4.0 12. 0 16.0 20. 0 28.0 
Vitamins^  2.0 2. 0 2.0 2. 0 2.0 
Minerals^  6.0 6. 0 6.0 6. 0 6.0 
DL-methionine 0.5 0. ? 0.5 0. 5 O.f 
Total 100.0 100. 0 100.0 100. 0 100.0 
S^olka-floc. 
V^itamin-free casein. 91.25 'fo protein. General , Biochemi-
cals. Chagrin Falls, Ohio. 
P^rovides the following vitamins per kg of diet: Vit. 
A, 18000 units; vit. Bi 200 lU; alpha tocopherol,100 mg; 
ascorbic acid, 900 mg; inositol, 100 mg; choline chloride, 
1.5 g; menadione. ^ 5 mg; p-amino benzoic acid, 100 mg; 
niacin. 90 mg; riboflavin, 20 mg; pyridoxine hydrochloride, 
2 mg; thiamine hydrochloride, 2 mg; calcium pantothenate, 
60 mg; biotin, 0.4 mg; folic acid, 1.8 mg; Vit. B]_2? 0.27 
mg. Vitamin diet fortification mixture Nutritional Bio-
chemicals, Cleveland, Ohio. 
S^upplies the following minerals per kg of diet; 
Ca-biphosphate, 6.76 g; Ca-carbonate, 4.11 g; Ca-citrate, 
18.49 g; curpic sulfate, 4.8 mg; ferric ammonium citrate, 
0.91 g; magnesium carbonate, 2.11 g; magnesium sulfate 
anhydrous, 2.29 g; manganese sulfate, 120 mg; potassium 
chloride, 7.48 g; potassium iodine, 2.4 mg; potassium phos­
phate, dibasic. 13.12 g; sodium chloride, 4.62; sodium 
fluoride, 30 mg. Salt mix USP XIV General Biochemicals, 
Chagrin Falls, Ohio. 
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Table 2. Chemical composition of experimental diets 
Experimental diets 
Item 1 2 3 4 5 
Dry matter i%) 92.76 93.03 92.88 93.07 93.46 
Ash {%) 3.63 3.51 3.22 3.78 3.34 
Nitrogen {.%) 0.62 1.72 2.22 2.82 3.79 
Crude protein i%) 3.88 10.75 13.88 17.63 23.69 
Ether extract {%) 7.31 7.59 7.22 7.69 7.42 
Energy (kcal/g)& 4^ 327 4.361 4.358 4.5000 4.492 
H^eat of combustion. 
and blood was taken from the neck in heparin!zed centrifuge 
tubes. Blood plasma was obtained by centrifugation and 
stored at -20° for hormone assay. Gastrocnemius muscles 
were removed, frozen on dry ice and stored at -20° before 
measuring RM and DNA. In each of the rats the contents of 
the stomach and intestines were removed and the ingesta-free 
body was stored at -20° before determination of body protein, 
lipid, water and ash. 
Chemical analysis 
Plasma levels of growth hormone and insulin and muscle 
protein, RNA and DNA were determined by the procedure pre­
viously outlined in the general materials and methods. 
Each ingesta-free body was removed from freezer storage 
and ground to determine body protein, lipid, water and ash. 
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Aliquots of the ground sample were frozen in liquid nitro­
gen for 3-5 minutes and finely ground in a Waring blender. 
Duplicate samples of finely ground tissue weighing approxi­
mately 3 g were placed in cellulose thimbles. The samples 
were dried in an oven at 90° under 25 pounds vacuum pres­
sure for 2h- hours. Lipids were extracted with diethyl ether 
in a Goldfisch extraction unit. Following extraction of the 
lipids, nitrogen was determined by Kjeldahl procedures 
(A.O.A.C., 1965). The ash content was determined by weigh­
ing approximately 5 g of finely ground tissue into ashing 
crucibles. The samples were ashed for 2 hours in an oven 
at 700°. 
Nitrogen content of the feed, feces and urine was de­
termined in duplicate by Kjeldahl procedures (A.O.A.C., 
1965)' Energy content of the feed was obtained by bomb 
calorimetery (Parr Instrument Co., I960). 
Experiment II 
A second experiment was conducted to determine the 
dietary protein requirement of fast and slow gaining rats. 
Twenty-four, 21 day-old male and 2^ , 21 day-old female rats 
representing equal numbers of high line (lines 9 and 10) 
and low line (line 11) were randomly assigned to diets con­
taining 3*88, 13.88 or a 23.69 percent protein (Tables 1 and 
2). The rats were housed in individual cages and were 
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allowed M libitum access to feed and water. Body weight 
and feed consumption were recorded each week. 
After 9 weeks on experiment the animals were sacri­
ficed by the procedure outlined in experiment I. The 
gastrocnemiOUR muscles were removed for RNA and DNA anal­
ysis and blood samples were collected for hormone assay by 
previously described methods. 
Experiment III 
In this experiment 80 male and 80 female rats from 
parents selected for high and low postweaning gain were 
sacrificed at five different body weights to study body 
growth and muscle cell development. 
Starting at 21 days of age, the male rats were ran­
domly assigned by growth line (high line, lines 9 and 10 
and low line, line 12) to sacrifice weight groups of 4-0, 
120, 200, 280 and 360 g body weight. Female rats were 
randomly assigned by growth line (high line, lines 9 and 
10 and low line, line 12) to sacrifice weight groups of 
4-0, 80, 120, 160 and 200 g body weight. The initial 4-0 g 
group of male rats (35"-4-0 g) and the initial group of fe­
males (30-4-0 g) were sacrificed at weaning. The remaining 
animals in the experiment were sacrificed as each individual 
rat reached its designated sacrifice weight. Low line male 
rats assigned to the 360 g weight group were sacrificed at 
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112 days of age (320 g). The rats were individually fed 
a semipurified diet containing 20 percent casein (Table 1). 
The rats had access to feed and water ^  libitum, in a tem­
perature controlled laboratory as outlined in experiment I. 
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RESUITS MD DISCUSSION 
Experiment I 
Growth 
Body weight gain, total feed consumed and gain/feed 
ratios during the 5 week experimental period which included 
the period before and during the metabolism study are pre­
sented in Table 3* High line rats gained significantly 
faster than low line (P<.01) rats at each of the different 
levels of dietary protein. High line rats consumed signif­
icantly (P<.01) more feed than low line rats but gain/feed 
ratios were not significantly different. The rats fed the 
casein diet containing 1^  percent protein tended to gain 
faster with greater gain per unit of feed than animals fed 
the 10 and 18 percent protein diets. These differences, 
however, were not statistically significant. 
The high line rats gained considerably more body pro­
tein and energy than low line rats (Table h). Even though 
the high line rats gained more body protein and energy they 
also consumed more feed so there were no significant dif­
ferences between the lines in conversion of dietary energy 
or protein to body energy or protein. In both lines the 
gross protein efficiency was reduced when the protein in the 
diet was increased from l4- percent to l8 percent. 
Table 3. Growth of male rats for period from 4-9 weeks in age from parents 
selected for postweaning gain 
Gain Diet consumed Gain/ 
Diet Growth Initial Pinal —:—— feed 
line wt. wt. Total Daily Total Daily ratio 
% 
protein g g g g g g g 
10 High line 
Low line 
112.0 
70.2 
303.7 
224.3 
191.7 
154.0 
5.47 
4.37** 
596.8 
468.5** 
17.1 
13.4 
0.32 
0.33 
14 High line 
Low line 
116.0 
71.7 
356.0 
231.3 
240.0 
159.5 
6.85 
4.58** 
6^ 9.3 
461.2** 
18.6 
13.2 
0.37 
0.35 
18 High line 
Low line 
111.7 
71.8 
311.0 
223.5 
199.3 
151.7 
5.69 
4.33** 
596.1 
444.5** 
17.0 
14.5 
0.34 
0.34 
Significant (P<.01) difference between means of the two growth lines. 
Table h. Gross protein and energy deposition in rats from 
k-9 weeks in age from parents selected for post-
weaning gain 
Growth Diet Empty Total empty body 
line body Protein Energy 
wt. 
% 
protein g g kcal 
High line 
(starting control) 
Low line 
(starting control) 
101.8 
64.4 
22.58 
11.47 
165.96 
94.67 
High line 10 
14 
18 
292.3 
343.2 
302.4 
56.27 
71.41 
66.31 
606.0 
665.7 
580.5 
Average 312.6 64.44 618.1 
Low line 10 
14 
18 
218.3 
223.2 
217.0 
42.28 
45.35 
43.67 
425.6 
424.1 
405.8 
Average 219.5 4.3.8 418.5 
Significant (P<.01) differences between means of the 
two growth lines. 
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Protein Energy 
Gain Intake Gross Gain Intake Gross 
eff. eff. 
g g  ^ kcal kcal % 
m 
43.7 
64.2 
90.1 
105.2 
52.6 
54.0 
41.8 
442.1 
449.7 
416.6 
2603 
2829 
2683 
17.03 
17.62 
15.57 
42.1** 87.4** 49.5 452.8** 2700** 16.74 
30.8 
33.9 
32.2 
50.4 
64.0 
78.7 
61.1 330.9 
329.5 
311.1 
2044 
2010 
2001 
16.19 
16.50 
15.59 
32.3** 65.0** 51.8 323.8** 2018** 16.09 
^3 
Metabolism 
Body weight gain, total diet consumed and gain/feed 
ratios during the 3 week metabolism study which was ini­
tiated %Aen the rats were 6 weeks in age are shown in Table 
5. During the 21 day metabolism trial the high line rats 
gained significantly (P<.01) faster and consumed more feed 
than low line rats. Differences in gain/feed ratios be­
tween the two lines of rats were not statistically signifi­
cant at any of the three levels of protein. 
The quantity of nitrogen retained by the rats with 
greater growth potential increased linearly with each higher 
level of dietary protein (Table 6). Although nitrogen re­
tention was significantly greater for the high line animals 
it is important to note that the average biological value 
of the protein was similar in the two lines (67.^  high line 
vs 62.8 low line). Digestion coefficients for protein and 
energy (Tables 6 and 8) were similar for the two groups, 
therefore net utilization of protein would also be similar 
for the two groups. The data from the nitrogen balance and 
digestion experiment suggest that differences in digestion 
or utilization of nutrients could not account for the dif­
ferences in growth rate observed with these two lines of 
rats. 
Increasing the percent protein from 1^  to 18 in low 
line rats decreased the biological value of the dietary 
Table 5* Growth of male rats during a three week metabolism study-
Diet Growth Initial Final Diet consumed Gain/ 
line wt. wt. Total Daily Total Daily feed 
ratio 
% 
protein S 
10 High line 
Low line 
188.5 
138.2 
303.7 
224^ 3 
1—'
 
OO
H 
ON
VJ
l 
0
 ro
 
5.4-9 
If. 09** 
377.4-
296.2** 
17.9 
14-. 1 
0.30 
0.30 
14- High line 
Low line 
220.0 
1^ 1.0 
3?6.0 
231.3 
136.0 
90.3 
6.4-7 
4-.30** 
395.7 
289.6** 
18.8 
13.8 
0.34-
0.31 
18 High line 
Low line 
181.2 
135.5 
311.0 
223.5 
129.8 
88.0 
6.18 
4-.20** 
392.2 
276.0** 
18.7 
13.1 
0.30 
0.32 
Significant (P<.01) differences between means of the two growth lines. 
Table 6. Average daily nitrogen balance in rats selected for postweaning gain 
Growth Diet* Animals Nitrogen 
Intake Dig.= Bv'^  
excreted 
High line 
Average 
mg mg mg mg mg % 
10 2 310.0 87.2 27.4 114.6 195.4 91.15 69.13 
14 2 416.9 130.1 26.8 156.9 260.1 93.57 66.64 
18 2 526.5 167.2 29.0 196.2 330.3 9 .48 66.39 
6 417.8** 128.1** 27.7** 155.9** 261.9** 93.06 67.38 
Low line 
10 2 243.6 63.9 19.9 83.8 159-8 91.84 71.29 
Ih 2 305.2 92.2 20.9 113.8 191.3 93.18 64.83 
18 2 370.6 167.4 20.4 187.8 182.8 94.42 52.19 
Average 6 306.5** 108.1** 20.4** 128.5** 177.9** 93.15 62.77 
P^ercent protein (Table 3-4). 
N^itrogen balance, nitrogen intake minus loses in urine and feces. 
A^pparent digestibility.  ^
B^iological value - unadjusted BV = I B . 
n 
Significant (P<.01) difference between means of the two growth lines. 
)+6 
protein and did not increase nitrogen retention as ob­
served in the high line animals so it appears that near 
1^  percent dietary protein was adequate for the low line 
rats whereas 18 percent or more was required by the high 
line rats. It is well known that "when intake of protein 
exceeds the dietary requirement, the efficiency of utili­
zation will decrease rapidly since excess protein is not 
stored in the body to any appreciable extent (Hegsted and 
Chang, 1965; Furuya et al., 1970). Other calculations were 
also made to determine if the 18 percent protein diet was 
above the requirement for the low line rats (Table 7). The 
daily protein intake for the low line rats was 2316.3 mg/day 
when the diet contained l8 percent protein. The protein 
requirement was estimated to be 20^ 9.5 mg/day (see foot­
note a, Table 7) indicating that the increased urinary 
nitrogen excretion in the low line rats resulted from ex­
cessive protein in the diet. 
Muscle cell development 
The study of the cellular development of skeletal 
muscle during the 4—9 week growth period shows that the 
gastrocnemius muscles of high line rats were larger at 9 
weeks of age (2.17 g) than low line (1.55 g) rats at the 
same age (Table 9)« Consequently, the muscle of high line 
rats was growing at a faster rate (262 mg/day, high line 
Table 7. Dally protein deposition, protein intake and 
protein requirement in rats from 6-9 weeks of 
age fed three levels of protein 
Percentage protein in diets 
10 14- 18 
High line 
Animals 2 2 2 
Initial wt. (g) 188.5 220.0 l8l.2 
Protein deposition (mg) 10^ 6.2 13^ 7*5 135^ .2 
Protein intake (mg) 1937-5 2605.6 3290.1 
Protein requirement (mg) 2627.4 3284.2 3212.9 
Low line 
Animals 2 2 2 
Initial wt. (g) 138.2 1^ 1.0 135-5 
Protein deposition (mg) 793-2 872.3 8^ 3.0 
Protein Intake (mg) 1522.5 1907.5 2316.3 
Protein requirement (mg) 1984^ 6 2058.3 2049-5 
Protein requirement (mg) = 133-1 (W) ' ^  x 6.25 
(maintenance, Armstrong and Mitchell, 1955) plus protein 
deposition/.53 (Burroughs et al., 1975)/-93 (digestibility 
of protein). 
Table 8. Average daily energy balance in rats selected for postweaning gain 
Growth 
line Diet 
Animals Intake Energy lost 
urine and 
feces 
DE^  Total^  
metabolizable 
energy consumed 
ME/g 
diet 
% 
protein kcal kcal % kcal kcal 
High line 
IC 
14-
18 
2 
2 
2 
78.372 
82.116 
83.817 
6.14-5 
7.106 
6.182 
92.59 
91.77 
93.16 
72.229 
75.011 
77.872 
4.024 
3.97? 
4.164 
Average 6 81.^ 35 6.4-77 92.50 75.037 4.056 
Low line 
10 
m. 
18 
2 
2 
2 
61.490 
60.1^ 0 
59.142 
5.001 
4.776 
4.4l4 
92.52 
92.69 
93.10 
56.510 
55.322 
54.629 
4.010 
3.898 
4.167 
Average 6 60.257 4.730 92.77 55-487 4.025 
A^pparent energy digestibility (intake-fecal/intake). 
T^otal metabolizable (energy intake-(urine plus fecal energy)). 
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Table 9» Cellular development of skeletal muscle and plasma 
hormone levels in male rats from parents selected 
for post-weaning gain 
Growth Line 
Components 
High Line Low Line 
Gaptrocnemius Ce)®' 2.17^  1.55^  
RNA (jxg/muscle ) 1983 1498 
DNA (jig/muscle) 1405 1158 
RNA/DNA ratios 
Nuclei X IQo 
1.46 1.33 
226.6 186.8 
Cell mass (ng) 10.1 8.5 
Protein (mg/muscle) 387.2 291.1 
Protein/DNA ratio 288.2 258.2 
Growth hormone (ng/ml) 4.1 6.8 
Insulin (ng/ml) 0.92 1.01 
S^ingle muscle. 
L^ine means with the same superscript differ signifi­
cantly (P<.01). 
vs 217 mg/g low line) than the low line rats. The dif­
ference observed between lines with respect to cell number 
(total DM in muscle)/(DNA/nucleus) and cell size (protein/ 
unit DNA) were not found to be statistically significant. 
However, the data indicated muscle tissues of high line ani­
mals tended to have more DNA per muscle and higher protein/ 
DNA and RNA/DNA ratios. 
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Experiment II 
Nitrogen metabolism and growth rate combine to provide 
a specific criteria for measuring protein requirement for 
growth. In rats from 3-12 weeks of age, there was no in­
crease in body gain (Table 10) when protein in the diet was 
increased from l4 percent to 2k- percent (Quadratic, P<.01). 
The high line rats receiving the 2k percent protein diet 
were more efficient in converting feed to gain than high 
line rats receiving the l4 percent protein diet. There was 
no significant difference in gain/feed ratios in low line 
rats fed the l4 or 2h percent protein levels. The high 
line rats receiving the 2h percent diet were significantly 
(P<.01) more efficient in converting feed to gain than low 
line rats receiving the same diet (0.27 g vs 0.2^  g gain/ 
unit of feed). 
Mitchell and Beadles (1952), reported that a 12 per­
cent egg protein diet produced maximum growth in rats from 
50-150 g body weight. With the use of values published in 
the literature (Table 11), rats fed 12 percent protein from 
egg would consume approximately I36I mg net protein per day. 
The rats in the present study fed the diet containing 1^  
percent protein from casein consumed approximately I382 mg 
net protein per day. The increased nitrogen balance of the 
18 percent protein diet containing casein (Table 6) suggests 
that a slightly higher level of dietary protein increased 
Table 10. The growth of male and female rats from 3-12 weeks of age fed three 
levels of protein 
Diet Initial 
wt. 
Final 
wt. 
Gain Diet Consumed Gain/ 
Total Daily Total Daily feed 
ratio 
% protein g g g g g g 
High line (8)^  4 
14 
24 
36.7 
36.5 
36.7 
52.7 
270.4 
268.5 
16.0 
233.9 
231.9 
0.26 
3.71 
3*68 
302.3 
924.8 
864.6 
4.8 
14.6 
13.7 
0.05 
0.25 
0.27 
Low line (8) 4 
14 
24 
40.6 
42.7 
41.8 
51.8 
235.7 
236.4 
14.1 
193.1 
194.7 
0.23 
3.07 
3.08 
294.8 
782.1 
821.9 
4.7 
12.5 
12.9 
0.05 
0.24 
0.24 
Diet Ave. (16)^  4 
14 
24 
38.6 
39.5 
39.2 
52.2 
253.0 
252.4 
15.0 
213.5 
213.2 
0.24 
3.39 
3.38 
289.5 4.7 
13.5 
13.3 
0.05 
0.25 
0.25 
P(<.05)° 
P(<.01) 
7.2 
9.7 
17.8 
23.8 
0.11 
0.l4 5^:0 
1.4 
1.9 
0.010 
0.015 
A^verage of 4 males and 4 females. 
A^verage of line means. 
D^ifferences required for statistical significance when comparing treatment 
means. 
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Table 11. Biological value and digestibility of proteins 
Ingredient Biological True Reference 
Value Digestibility 
Egg protein 96 97 Block and Mitchell (19^ 6) 
Egg protein 9^  97 Henry and Ford (1965) 
Casein 82 90 Armstrong and Mitchell 
85 
(1955) 
Casein 93 Mitchell (19240 
Casein 80 96 F.A.O. (1970) 
Casein 85 99 Henry and Ford (1965) 
nitrogen retention, however, no particular advantage in 
growth was observed from increasing the protein content in 
the diet above 1^  percent for rats from 3-12 weeks in age. 
During a 21 day metabolism study with 4-6 g rats Furuya et 
al. (1970) found that growth of young rats was similar 
when fed either a 16 or a 2k percent protein diet contain­
ing casein as the dietary protein. 
Cellular development of muscle 
The feeding of a casein diet containing ^  percent pro­
tein was inadequate for supporting growth of skeletal muscle 
in both male and female rats (Table 12). There was a marked 
reduction in relative cell size as shown by a decreased pro-
tein/DM ratio in the animals fed the low protein diet. 
This reduction in the protein/DM ratio due to low protein 
Table 12. Cellular development of skeletal muscle in rats at 12 weeks in age 
Growth line Diet^  
Gastrocnemius^  Muscle RNA 
DNA 
Protein Nuclei 
xlO^  
Cell 
mass muscle RNA DNA Protein DNA 
g fig mg g^/^ g mg/mg ng 
Males 
High line 1+ 0.68 520 568 87.8 0.91 154.8 91.8 7.4-
14- 2.19 2090 1410 391.0 1.50 279.0 227.3 12.0 
24- 2.17 2200 1290 379.8 1.72 295.5 207.8 10.5 
Low line 4- 0.70 4-72 765 132.3 0.60 171.5 123.5 5.7 
14- 2.01 1885 1228 34-8.5 1.4-9 283.8 197.8 10.2 
24- 1.92 1815 1255 319.3 1.4-6 258.0 202.3 9.6 
Females 
High line 4- 0.^ 6 393 4-70 85.0 0.91 185.8 75.0 7.7 
14- 1.36 1365 790 228.0 1.76 291.3 127.5 10.7 
24- 1.36 1185 765 222.8 1.60 301.5 123.2 11.3 
Low line 4- 0.26 223 350 37.0 0.67 109.8 52.5 4-.6 
14- 1.23 1125 863 216.0 1.30 250.5 139.5 8.9 
24- 1.19 1225 795 203.8 1.60 262.8 127.8 9.6 
(P<.0^ )' 2 0.06 14-0 95 9.9 0.19 22.4- 19.1 1.2 
(P<.01) 0.08 188 127 13.2 0.26 30.0 25.7 1.7 
S^ingle gastrocnemius muscle. 
4^-, 1^ +, 2k- percent protein. 
D^ifferences required for statistical significance when comparing treatment 
means. 
5^ 
intake has been observed by other workers (Howarth, 1972; 
Hill et al., 1970; Trenkle, 197^ ). Feeding higher levels 
of protein significantly (P<.01) increased muscle weight 
and MA, DNA and protein content of skeletal muscle. 
The gastrocnemius muscles of high line male rats fed 
the two higher levels of protein were significantly larger 
(P<.01) than the muscle from the low line male rats (Table 
12). High line female rats also had larger gastrocnemius 
muscles than low line female rats. There was a marked dif­
ference between males and females with respect to muscle 
weight. Male rats had significantly (P<.01) more DNA, RNA 
and protein per muscle than female rats. 
High line male rats had more RNA and protein per muscle 
and tended to have more DNA per muscle than low line rats. 
High line male rats also tended to have larger RNA/DNA and 
protein/DNA ratios but there was considerable variability 
of values. Variability of muscle components in the female 
rats suggests that large difference between lines were not 
clearly defined in this experiment. 
There were reductions in both plasma growth hormone 
and insulin levels of male and female rats fed the h percent 
casein diet (Table 13). The relative feed consumption of 
the rats receiving the percent casein diet was also in­
creased markedly. High line animals had significantly 
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Table 13. Effect of level of protein intake on plasma 
growth hormone and insulin levels in rats 
selected for postweaning gain 
Growth line Diet®- RFC^  Plasma. 
Growth hormone Insulin 
g ng/ml ng/ml 
High line (8)° 4 7.1 9.6 0.38 
Ik 5.4 21.6 1.35 
2h 5.1 38.9 1.15 
Low line (8) k- 6.7 15.6 0.34 
14 5.0 58.8 0.82 
24 5.3 32.2 0.89 
Average (16) 4 6.9 14.9 0.35 
l4 5.2 36.3 1.12 
24 5.2 35.5 1.02 
(P<.05)* l4.0 0.l4 
(P<.01) 18.8 0.19 
1^ -, 2h percent protein. 
R^elative feed consumption - total feed consumed/RBW 
(relative body weight = ave. body wt. for growth period). 
A^verage of 4- males and 4- females. 
"^ Differences required for statistical significance 
when comparing treatment means. 
(P<.01) higher plasma insulin levels than low line rats, 
however, the average amount of feed consumed per g of body 
weight in the two lines was not significantly different. 
There was no specific indication that a line difference 
existed with respect to plasma growth hormone levels when 
measured at 12 weeks of age. 
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Experiment III 
Starting at 21 days of age high line rats gained body 
weight significantly (P<.01) faster and had higher gain/feed 
ratios than low line rats at each of the five different 
final weights (Tables l4 and 15). 
The high line rats consumed significantly less total 
feed (P<.01) and less feed per unit of body weight when the 
rats were sacrificed at the same body weight. When compared 
Table 14-. Growth of male rats from parents selected for 
postweaning gain 
Growth 
line 
Weight 
group 
Age 
(days) 
Total 
gain 
Ave. 
daily 
gain 
Diet 
consumed 
Gain/ 
feed 
ratio 
RFC 
g g g 
High line 
Low line 
120 
120 
82.3 
88.6 
4.83 
4.17** 
191.5 
239.5** 
0.43 
0.37* 
2.3 
2.9 
High line 
Low line 
200 
200 
50 
61 
160.5 
167.4 
5.50 
4.18** 
413.3 
530.9** 
0.39 
0.32** 
High line 
Low line 
280 
280 
63 
97 
241.4 
244.8 
5.83 
3.27** 
681.7 
1086.9** 
0.36 
0.23** 
4.0 
6.1 
High line 
Low line 
360 
320 
84 
112 
321.5 
285.9 
5.09 
3.13** 
1113.1 
I3O6.3** 
0.29 
0.22** 
5.3 
6.5 
S^ignificant (P<.05) difference between means of the 
two growth lines. 
Significant (P<.01) difference between means of the 
two growth lines. 
Table 15. Growth of female rats from parents selected for postweaning gain 
Growth Weight Age Total Ave. Diet Gain/ RFC 
line group (days) gain daily- consumed feed 
gain ratio 
g g g 
High line 80 33 44.3 3.65 116.3 0.38 2.0 
Low line 80 36 49.8 3.18** l4l.5** 0.35 2.4 
High line 120 4-0 §2-3 4.30 234.1 0.35 2.7 
Low line 120 9^ 86.4 3.09** 313.1** 0.27* 3.8 
High line 160 52 122.6 3.96 394.0 0.31 3.7 
Low line 160 77 128.2 2.30** 597.1** 0.21** 5.6 
High line 200 7^  162.3 3.08 657.4 0.24 4.9 
Low line 200 107 162.7 1.89** 979.2** 0.17** 7.3 
*Signlficant (P<.05) difference between means of the two growth lines. 
Significant (P<.01) difference between means of the two growth lines. 
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at equal ages (61 and 63 days in lov line and high line 
males, and ^ 9 and 52 days in low line and high line females) 
the high line animals had consumed more total feed, about 
the same quantity of feed per unit of body weight and were 
more efficient in converting feed to body weight gain. The 
results suggest that the increased feed consumption per se 
is not the stimulus for the animals to gain more weight. 
Body composition 
Chemical analysis of the ingesta-free body of male rats 
selected for postweaning gain revealed that very little, if 
any, difference existed between lines with respect to per­
cent water, protein, ether extract, ash or caloric content 
(Table 16). Baker and Chapman (1975) also found no signifi­
cant difference in carcass composition between lines of rats 
with similar genetic background to the animals used in this 
study. 
There was a significant (P<.01) negative relationship 
between percent water and percent lipid within each group of 
rats (Table 17). Similar findings have been well documented 
in other experiments involving various species of animals 
(Bobbins et al., 1974; Reid, 1971; Gnaedinger et al., 1963). 
The rate of change in the percent lipid per unit of change in 
the water concentration (^ ) was -O.3896 for the high line 
rats and -0.4113 for the low line rats, further revealing 
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Table 16. Chemical composition of male rats (ingesta-free) 
from parents selected for postweaning gain 
Growth 
line 
Weight 
group 
Moisture Ash Protein Ether 
extract 
Gross^  
energy 
% % % % kcal/g 
High line 
Low line 
^0 
4-0 
7^ .61 
7^ .50 
4.10 
4.05 
17.56 
18.06 
4.22 
3*66 
5.241 
5.183 
High line 
Low line 
120 
120 
72.57 
72.39 
3.1+6 
3.71 
17.87 
19.12 
4.83 
3.97 
5.502 
5.422 
High line 
Low line 
200 
200 
70.75 
72.35 
2.48 
2.49 i9:%5 
5.99 4.66 6.012 5.629 
High line 
Low line 
280 
280 
70.56 
68.62 
2.18 
2.21 
19.43 
20.87 
5.67 
5.76 
5.933 
5.856 
High line 
Low line 
360 
320 
68.75 
67.26 
2.33 
2.30 
22.00 
21.68 
6.25 
6.65 
5.968 
5.752 
k^cal/g, dry matter basis. 
Table 17. The relationship of water and lipid in the in­
gesta-free body male rats from parents selected 
for postweaning gain 
Growth Number of Prediction^  Correlation 
line animals equation coefficient 
High line 40 Y = 33.20- O.3896X -0.71** 
Low line 40 Y = 34.16 - 0.4113% 
-0.79** 
= Lipid in ingesta-free body (^ ); x = Water in ingesta-
free body {%). 
Significant linear regression (P<.01). 
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that the lines are very similar with respect to chemical 
composition. The percent protein increased slightly with 
each increase in body weight (Table 16). The percentage of 
water and protein remained rather high in the rats while 
lipid was found to be rather low in comparison with cattle 
and sheep (Reid et al., 1955)» Bobbins et al. (197^ ) also 
found that protein and water content of the ingesta-free 
body remained high in mature white-tailed deer while lipid 
was low in comparison with cattle and sheep as reported by 
Reid et al. (1955)» As the rats became older the percent 
ash accounted for a smaller proportion of the ingesta-free 
body. The relationship between the ingesta-free body weight 
and the weight of the chemical components was highly sig­
nificant and a prediction equation was fitted for each chem­
ical component (Table 18). 
As the animals increased in body weight, high line 
rats were significantly more efficient than the low line 
in converting feed protein to body protein (Table 19). 
Although there appears to be no significant difference be­
tween the lines of rats with respect to chemical composi­
tion, these results would indicate that high line rats 
synthesized protein more efficiently over a longer period 
of time. 
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Table l8. Relationship between ingesta-free body weight 
and chemical components in male rats 
Chemical^  
components 
Prediction^  
equation 
Correlation 
coefficient 
Water Y = 5.21 + 0.6722X 0.96** 
Protein Y = 
-3.19 + 0.2215% 0.98** 
Lipid Y = 
-2.20 + 0. 0716X 0.86** 
Caloric content Y = 
-39.17 + 1.9588% 0.99** 
C^hemical analysis of 80 rats. 
 ^= Chemical component in the ingesta-free body, g; 
X = Ingesta free body weight, g. 
**Significant linear regression (P<.01). 
Table 19. Gross protein and energy efficiency in rats from 
parents selected for postweaning gain 
Growth 
line 
Weight 
group 
Age 
(days) 
Protein 
gain 
Protein 
intake 
Gross protein 
efficiency 
High line 
Low line 
120 
120 
g 
13.0 
ih.h 
g 
33.8 
2^.6 
% 
High line 
Low line 
200 
200 
50 
61 
27.8 
28.9 
73.6 
96.5 
37.3 
30.2* 
High line 
Low line 
280 
280 
63 
97 • 
121.3 
194.7 
36.4 
24.6** 
High line 
Low line 
360 
320 
84 
112 
67.9 
58.1 
201.3 
237.1 24.5** 
Significant (P<.0^ ) difference between means of the 
two growth lines. 
** Significant (P<.01) difference between means of the 
two growth lines. 
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Muscle development. DNA-RNA 
The gastrocnemius muscles (pair) of high line rats 
following weaning were larger than the gastrocnemius of 
low line rats at a constant age (Tables 20 and 21) but 
there was essentially no difference in muscle weight when 
compared at the same body weight. There was no significant 
difference observed between lines with respect to DNA per 
muscle at the same body weight. The DNA content of the 
gastrocnemius muscles in low line male rats began to plateau 
(Figures 1 and 2) at approximately 97 days of age (280 g) 
while high line rats continued to accumulate DNA in the 
gastrocnemius muscle to 360 g body weight. Because there 
was no increase in quantity of DNA in the muscle beyond 9? 
days (280 g) in low line male rats,'muscle growth beyond 
this age must have been due to an increase in cell size 
alone (increase in protein/DNA). Growth of muscle in high 
line male rats beyond 63 days (280 g) was by the accumula­
tion of nuclei (increase in DNA) and increase in cell size 
(protein/total DNA). 
The RNA content of the gastrocnemius muscle of high 
line and low line male rats leveled off at 280 g body weight 
(Table 20). In high line female rats the RNA content of the 
gastrocnemius muscle leveled off at 160 g body weight while 
the RNA in muscle of low line females leveled at 120 g body 
weight. 
Table 20. Growth and cellular development of the gastrocnemius muscle in male 
rats from parents selected for postweaning gain 
Growth 
line 
Weight 
group 
Age 
(days) 
Gastrocnemius Muscle Protein RNA 
DNA wt. DNA RM DNA 
g M-g p-g mg/mg [ig/p-g 
High line -^0 21 0.37 671 917 82 1.4 
Low line 4-0 21 0.35 653 880 83 1.5 
High line 120 38 1.31 lf29 2262 146 1.4 
Low line 120 h2 1.36 1479 1985 153 1.5 
High line 200 50 2.3^  2141 3131 193 1.5 
Low line 200 61 2.41 2047 2083** 201 1.1 
High line 280 63 3.53 2757 3761 237 1.4 
Low line 280 97 3.61 2607 2961 243 1.2 
High line 360 8tf 4.76 3265 3782 287 1.2 
Low line 320 112 4.29** 2599* 2740** 309 1.1 
*Significant (P<.0^ ) difference between means of the two growth lines. 
Significant (P<,01) difference between means of the two growth lines. 
Table 21. Growth and 
rats from 
cellular 
parents s 
development of the gastrocnemius muscle in 
sleeted for postweaning gain 
female 
Growth 
line 
Weight 
group 
Age 
(days) 
gastrocnemius Muscle Protein M4 
DNA wt. DNA RNA DNA 
g M-g P-g mg/mg M'g/^ g 
High line 40 21 0.36 607 81+5 96 lA 
Low line IfO 21 0.38 613 916 88 1.5 
High line 80 33 0.8»+ IOII+ 1^ 32 131 1.4-
Low line 80 36 0.85 1012 1^ 37 iho 
High line 120 4o 1.35 1372 1874 182 1.4 
Low line 120 9^ 1.1+5 1225 1723 2Ck l.h 
High line 160 52 2.01 1801 2^ 39 203 1.4-
Low line 160 77 2.09 1730 1578 222 1.0 
High line 200 7h 2.67 1815 2308 252 1.3 
Low line 200 107 2.60 1798 1727 281 0.8 
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Figure 1. Accumulation of DNA in skeletal muscle of male rats 
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Figure 2. Accumulation of DNA in skeletal muscle of female rats 
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Table 22. Accumulation of DNA and RNA in skeletal muscle 
of male rats with different growth potentials 
Growth 
line 
Weight 
group 
Ave. 
daily 
gain 
DNA RNA 
g Jig/day jag/day 
High line 
Low line 
40-120 
40-120 
4.83 
4.17* 
50. fl 
39.34 
79.17 
52.63* 
High line 
Low line 
120-200 
120-200 
6.38 
3.92** 
51.22 
29.89* 
72.46 
5.44** 
High line 
Low line 
200-280 
200-280 
6.1? 
2.36** 
46.15 
16.06 
48.50 
24.37 
High line 
Low line 
280-360 
280-320 
3.54 
1.67** 
24.22 
-0.51 
1. 04 
-1^ .35 
% 
Significant (P<.05) difference between means of the 
two growth lines. 
Significant (P<.01) difference between means of the 
two growth lines. 
Ratios of RNA/DNA in high line rats tended to be 
higher than low line rats at the heavier final weights 
(Tables 21 and 22) indicating greater protein synthesis in 
skeletal muscle of high line rats. Munro (1969) suggests 
that the RNA/DM ratio can be used as an index of tissue 
protein synthesis. The results in Figures 1 and 2 indicate 
that male rats are accumulating nuclei in skeletal muscle 
at a faster rate than female rats suggesting the possible 
antagonistic effect of estrogen upon the accumulation of 
DNA in skeletal muscle of female rats (Cheek and Hill, 
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Table 23. Accumulation of DM and RNA in skeletal muscle 
of female rats with different growth potentials 
Growth 
line 
Weight 
group 
Ave. 
daily 
gain 
DNA RNA 
g g^/day jag/day 
High line 
Low line 
0^-80 
40-80 
3.6g 
3.18** SM 63. cy 33.34** 
High line 
Low line 
80-120 
80-120 
5.07 
2.66** 
46.52 
14.94** 
56.21 
20.99** 
High line 
Low line 
120-160 
120-160 
3.36 
1.75** 
36.53 
22.37* 
55.16 
—4.46** 
High line 
Low line 
120-160 
160-200 
2.04 
0.96** 
2.25 
1.84 
-8.96 
3.74 
jjj 
Significant (P<.05) difference between means of the 
two growth lines. 
Significant (P<.01) difference between means of the 
two growth lines. 
I97I+). High line female rats showed a marked increase in 
the DM content of the gastrocnemius muscle up to 52 days 
of age while low line female rats accumulated DM at a 
slower rate (Figure 2). 
The mean daily accumulation of DM and RNA of male and 
female rats selected for postweanlng gain are shown in 
Tables 22 and 23. In male rats there was a significant 
(P<.01) positive correlation (r =.67) between the average 
daily gain observed at the different growth periods and the 
rate of accumulation of DNA. A significant (P<.01) corre­
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lation (r =.48) was also found to exist between rate of gain 
and rate of accumulation of RNA. High line female rats 
showed similar patterns of increased DNA and RNA accumula­
tion rates vâien compared with low line females (Table 23). 
In female rats, there was significant correlation (P<.01) 
between average daily gain and rate of accumulation of DNA 
(r = .59) while a significant correlation (P<.01) was also 
observed between average daily gain and the accumulation 
rate of RNA (r = .66). 
It would appear from these data that faster gaining 
animals accumulate nuclei in skeletal muscles at a more 
rapid rate which suggests that the increased muscle growth 
in rats is associated with the replication of DNA as sug­
gested by Cheek et al. (1965)' 
Rectus femoris muscle growth 
Table 2k presents the rectus femoris weight, muscle 
myofibrillar protein and muscle sarcoplasmic protein of 
high line and low line male rats at similar body weights. 
When comparing muscle weights of high line and low line 
animals at the same body weight, it was observed that low 
line male rats possessed slightly larger rectus femoris 
muscles at the heavier body weights. Although the exact 
cause of the larger muscle weights is not known, the longer 
time before a specific weight was reached appeared to re­
sult in slightly larger muscles in the low line rats. This 
Table 2^ -. Growth of the rectus femorls muscle and total sarcoplasmic and 
myofibrillar protein in male rats with different growth potentials 
Growth 
line 
Weight 
group 
Age 
(days) 
Rectus 
I'emoris 
wt. 
Muscle 
Sarcoplasmic 
protein 
Myofibrillar 
Myofibrillar/ 
sarcoplasmic 
ratio 
g mg mg 
High line ifO 21 0.16 6. 4-6 10.52 1.60 
Low line 4-0 21 0.17 7. 12 11.21 1.56 
High line 120 38 0.51 26. 68 46.36 1.74-
Low line 120 4-2 0.52 28. 89 44.39 1.67 
High line 200 50 0.87 4-7. 70 83.63 1.75 
Low line 200 61 0.95 53. 80 96.23 1.78 
High line 280 63 1.3^  77. 04- 131.14 1.70 
Low line 280 97 1.4-9 90. 53 14-6.63 1.61 
High line 360 8h 1.84- 110. 02 170.11 1.54-
Low line 320 112 1.76 107. 03 168.36 1.57 
P^aired rectus femoris muscle. 
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additional muscle weight is reflected in the larger quan­
tity of sarcoplasmic and myofibrillar protein for the low 
line rats. 
There was very little difference observed between high 
line and low line female rats with respect to muscle weight, 
sarcoplasmic protein and myofibrillar protein at the same 
body weight (Table 25). 
Male and female rats from parents selected for increased 
postweaning gain were accumulating myofibrillar and sar­
coplasmic protein at a significantly (P<.01) faster rate 
than rats selected for decreased postweaning gain (Tables 
26 and 27). The myofibrillar protein accumulated at a 
slightly more rapid rate than the sarcoplasmic protein 
fraction in both lines of rats. Young (1974) reported that 
during rapid growth, the increase in myofibrillar protein 
predominates over the sarcoplasmic protein fraction. There 
is a significant (P<. 01) correlation between the rate of 
gain at each specific growth period and the accumulation 
rate of sarcoplasmic protein (r =.66) and accumulation rate 
of myofibrillar protein (r =.58). As the rate of muscle 
growth increases, the contractile proteins are also being 
synthesized at a more rapid rate. 
Growth hormone and insulin 
The weight of the anterior pituitaries of high line 
and low line male rats were similar when compared at 4-0, 
Table 2$". Growth of the rectus femorls muscle and total sarcoplasmic and 
myofibrillar protein in female rats with different growth potentials 
Growth 
line 
Weight 
group 
Age 
(days) 
Rectus 
femoris 
wt. 
Muscle 
Sarcoplasmic 
protein 
Myofibrillar 
Myofibrillar/ 
sarcoplasmic 
ratio 
g mg mg 
High line 4-0 21 0.16 6.45 10.52 1.62 
Low line 4-0 21 0.17 7.19 11.31 1.57 
High line 80 33 0.^ 5 16.60 27.68 1.66 
Low line 80 36 0.32 16.84 27.80 1.64 
High line 120 J+o 0.54 27.64 49.30 1.78 
Low line 120 9^ 0.59 30.42 52.20 1.71 
High line 160 52 0.80 42.65 81.60 1.90 
Low line 160 77 0.88 47.45 89.97 1.89 
High line 200 74 1.11 61.15 106.49 1.76 
Low line 200 107 1.10 60.16 113.28 1.88 
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Table 26. Accumulation of sarcoplasmic and myofibrillar 
protein in male rats with different growth 
potentials 
Growth Weight Ave. Sarcoplasmic Myofibrillar 
line group daily 
gain 
g mg/day mg/day . 
High line 40-120 4.83 1.18 2.09 
Low line 40-120 4.17* 1.01 1.74** 
High line 120-200 6.38 1.74 3.01 
Low line 120-200 3.92** 1.23** 2.39** 
High line 200-280 6.15 2.17 3.47 
Low line 200-280 2.36** 1.10** 1.51** 
High line 280-360 3.54 1.56 1.85 
Low line 280-320 1.67** 0.73** 0.92** 
•Significant (P<.05) difference between means of the 
two growth lines. 
Significant (P<.01) difference between means of the 
two growth lines. 
Table 27. Accumulation of sarcoplasmic and myofibrillar 
protein in female rats with different growth 
potentials 
Growth 
line 
Weight 
group 
Ave. 
daily 
gain 
Sarcoplasmic Myofibrillar 
g mg/day mg/day 
High line 
Low line 
40-80 
40-80 
3.65 
3.18** 
0.84 
0.64** 
1.42 
1.09* 
High line 
Low line 
80-120 
80-120 
5.07 
2.66** 
1.37 
0.92** 
2.67 
1.64** 
High line 
Low line 
120-160 
120-160 
3.36 
1.75** 
1.21 
0.72** 
2.68 
1.58** 
High line 
Low line 
160-200 
160-200 
2.04 
0.96** 
0.90 
0.34** 
1.27 
0.67** 
Significant (P<.05) difference between means of the 
two growth lines. 
Significant (P<.01) difference between means of the 
two growth lines. 
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120 and 200 g body weight (Table 28). The anterior pitu-
itaries of high line male rats were significantly (P<.01) 
larger than low line male rats at 280 g body weight. The 
male high line rats possessed considerably larger anterior 
pituitaries than low line rats at the same age. There was 
a significantly (P<.01) greater amount of growth hormone in 
the anterior pituitaries of low line males at 200 g body 
weight than high line male rats. Plasma growth hormone 
levels were significantly (P<.05" at 120 g body wt.; P<.01 
at 200 and 280 g body wt.) greater in high line male rats 
than low line male rats. High line male rats had higher 
plasma insulin levels than low line male rats at the heavier 
body weights (Table 28). 
Low line female rats tended to have larger anterior 
pituitaries than high line female rats at final weights of 
80, 120 and 160 g. However, the anterior pituitaries of 
high line female rats were larger than the anterior pitu­
itaries of low line female rats when compared at the same 
age (Table 29). Low line female rats had significantly 
(P<.01) greater amounts of anterior pituitary growth hor­
mone than high line female rats at 120 g body weight. At 
160 g body weight high line female rats possessed signifi­
cantly (P<. 01) higher levels of plasma growth hormone than 
low line female rats. Plasma insulin levels of the two 
lines of female rats tended to be similar. 
Table 28. Anterior pituitary weight, pituitary growth hormone and plasma growth 
hormone and insulin in male rats from parents selected for postweaning 
gain 
Growth Weight Age Anterior pituitary Plasma 
line group (days) Weight Growth Growth hormone/ Growth Growth Insulin 
hormone unit of hormone/ hormone 
pituitary g body wt. 
mg fig p-g/mg M-g ng/ml ng/ml 
High line 40 21 1.88 14.6 6.4 0.66 6.1 0.59 
Low line ho 21 1..9k 27.0 11.7 0.35 11.9 0.46 
High line 120 38 4.66 113.7 24.2 0.91 36.6 0.82 
Low line 120 4-2 4.78 89.3 18.9 0.72 22.0 1.09 
High line 200 50 6.84 147.5 22.2 0.73 37.9 1.66 
Low line 200 61 6.49 326.0 50.6 1.61 10.1 1.21 
High line 280 63 8.99 332.1 37.5 1.18 40.5 1.60 
Low line 280 97 8.2? 332.8 39.9 1.19 9.9 1.34 
High line 360 84- 10.20 434.4 43.2 1.20 20.3 1.92 
Low line 320 112 9.30 426.4 39.7 1.32 23.5 1.34 
P(<.0?)' a. 0.29 55.7 7.2 0.23 13.7 0.31 
P(<.01) 0.39 74.1 9.6 0.31 18.3 0.42 
^Differences required for statistical significance when comparing line means. 
Table 2^ . Anterior pituitary weight, pituitary growth hormone and plasma growth 
hormone and insulin in female rats from parents selected for postweaning 
gain 
Growth Weight Age Anterior pituitary 
line group (days) Weight Growth 
hormone 
Growth hormone/ 
unit of 
pituitary 
Growth 
hormone/ 
g body wt. 
Growth 
hormone 
Insulin 
M-g jxg/mg M-g ng/ml ng/ml 
High line 
Low line 
•^0 
40 
21 
21 
2.03 
2.01 
13.8 
18.7 
7.)+ 
8.5 
0.36 
0.51 
4.3 
7.6 
0.32 
0.30 
High line 
Low line 
80 
80 
33 
36 
86.8 
^1.3 
20.9 
9.1 
1.07 
0.50 
10.7 
14.7 
0.78 
0.90 
High line 
Low line 
120 
120 
40 
9^ 
6.60 
7.17 
58.3 
135.3 
8.8 
20.2 
0.48 
1.12 
15.9 
22.9 
1.26 
1.14 
High line 
Low line 
160 
160 
52 
77 
9.46 
10.19 
124.6 
127.6 
13.2 
12.8 
0.77 
0.79 
1.68 
1.64 
High line 
Low line 
200 
200 
7I+ 
107 
12.1^  
12.76 
127.5 
158.2 
10.2 
12.4 
0.64 
0.81 
17.7 
21.4 
1.10 
1.03 
P(<.05) 
P(<.01) 
a 0.50 
0.66 
39.2 
52.1 
6.2 
8.3 
0.31 
0.42 
6.5 
8.6 
0.26 
0.35 
D^ifferences required for statistical significance when comparing line means. 
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Female rats possessed heavier pituitaries than male 
rats at the same age (Tables28 and 2^ ). The amount of growth 
hormone in the pituitaries of males tended to be greater than 
in pituitaries of female rats; thus, the amount of growth 
hormone per unit of pituitary was greater in the male rats. 
There were no consistent differences in the quantity of 
pituitary growth hormone per unit of body weight or plasma 
levels of growth hormone and insulin when males were com­
pared with females. 
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SUMMARY 
High line rats from parents selected for rapid growth 
gained significantly (P<.01) faster than low line rats from 
parents selected for decreased growth rate. During a 21-day 
metabolism study there were no significant differences ob­
served between the two growth lines of male rats with re­
spect to protein and energy digestibility. When low line 
male rats were fed a casein diet containing approximately 
18 percent protein, the total protein consumed seemed in 
excess of the protein requirement. The growth rate of high 
line or low line rats was not improved by increasing the 
protein content of the diet from l4 to 2k percent. The high 
line rats receiving the 2h percent protein diet from casein 
were significantly (P<.01) more efficient in converting feed 
to gain than low line rats receiving the same diet. In­
creasing the percent protein significantly (P<.01) improved 
the feed efficiency of high line rats but did not improve 
the efficiency of feed utilization in low line rats. In 
male rats, the ingesta-free body composition of high line 
and.low line rats were similar with respect to percent water, 
protein, lipid and ash. As the percent water increased in 
the ingesta-free body the percent lipid decreased. 
The gastrocnemius muscles of high line rats were sig­
nificantly (P<.01) heavier than those of low line rats at 
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the same age indicating that the muscles of high line rats 
were growing at a more rapid rate. Animals selected for 
rapid postweaning gain were accumulating DNA and RNA in 
skeletal muscle at a faster rate. There was a significant 
(P<.01) positive correlation between growth rate and daily-
accumulation of DNA and RNA. In both lines of rats the 
protein per unit of DNA increased with each increase in 
body weight. The DNA per muscle in low line male rats did 
not increase beyond 280 g body weight while DNA per muscle 
in high line male rats increased to 360 g body weight. The 
muscle DNA and protein per unit of DNA increased to 200 g 
body weight in both lines of female rats. 
Low line male rats had significantly lower levels of 
growth hormone in the plasma than high line male rats at 
constant body weights of 120, 200 and 280 g. Plasma in­
sulin levels of high line male rats were significantly 
(P<.01) higher than low line male rats at body weights of 
200, 280 and 320 g. High line and low line female rats 
were similar with respect to levels of plasma insulin. 
High line female rats possessed higher levels of plasma 
growth hormone at 160 g body weight but the two lines 
tended to be similar at the other body weights. 
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PART II. 07ARIECT0MIZED RATS: A MODEL 
FOR STUDYING GROWTH AND DEVELOPMENT 
80 
INTRODUCTION 
The growth rate of female rats is greatly enhanced 
following gonadectomy (Holt et al., 1936; Nyda et al., 
19^ 8; Trenkle, A., Department of Animal Science, lowa 
State University, unpublished data, 1972). Cheek and Hill 
(197^ ) reported castrated female rats exhibit the male pat­
tern of muscle cell growth which displays a greater increase 
in cellular components than the intact female. Nyda et al. 
(19^ 8) have indicated that the increased total food intake 
observed in ovariectomized rats may account for part of the 
accelerated gain in weight. Bull et al. (19751 and Redwick 
et al. (1973) have also reported an increase in total food 
intake in ovariectomized rats while estrogenic hormones de­
pressed food intake. Although ovariectomized females con­
sume more total grams of food, the intake of food in grams 
per gram of body weight at specific weight periods is not 
enhanced by ovariectomy (Holt et al., 1936). 
The increase in weight of the ovariectomized rats is 
often attributed to both accumulation of lipid and increase 
in body size. However, Holt et al. (1936) and Nyda et al. 
(1948) reported that gonadectomy of females was followed by 
an increase in growth rate but not by an increase in deposi­
tion of lipid. Thus, the reference to "obesity" in ovari­
ectomized females has been somewhat conflicting. 
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The increase in muscle growth of female rats following 
ovariectomy is suggestive of a greater accumulation rate of 
DNA and RNA in muscle tissue. Cheek and Hill (1974) sug­
gest that in the females, estrogens may antagonize growth 
hormone and sulfation factor (somatomedin) which would 
prevent an increase in the number of nuclei within the 
muscle mass. 
The objectives of these studies were to determine the 
effects of ovariectomizing females upon growth, feed intake, 
cellular development of skeletal muscle and body composi­
tion. 
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MATERIALS AND METHODS 
Three experiments were conducted to study growth, 
muscle development and body composition in normal and 
ovariectomized female rats. The first was a growth study 
with ovariectomized and normal rats sacrificed at constant 
body weights while in the second experiment the rats were 
sacrificed at a constant age. The third experiment was 
designed to study the effect of implants containing 
Estradiol-17P on growth in ovariectomized females at two 
different ages. The rats were fed a semipurified diet 
containing 20 percent casein under conditions outlined in 
previous experiments. Following ether anesthesia, ovari­
ectomy was accomplished by first making a small single 
incision through the skin on the dorsal midline adjacent 
to the para-lumbar apex. The skin was then pulled over 
each para-lumbar apex where an incision was made through 
the peritoneum and the underlying ovary was removed. Estro­
gen implants were 1 cm segments of Dow Corning Silastic 
tubing (0.198 cm i.d.; O.318 cm o.d.) which contained 1-2 
mg Estradiol-17p. The ends of the tubing were plugged with 
Silastic medical adhesive. Following anesthesia with ether, 
the implant was placed directly beneath the skin in the 
dorsal cervical area. When the rats reached their specific 
designated final weight or age, the animals were sacrificed 
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by decapitation and samples of tissue and blood were taken 
as explained previously. Methods of analysis have been 
described in preceding sections. In the final experiment 
the uterus was removed from each animal following decapita­
tion and weighed to give an indication of estrogen release 
from the implant. 
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RESULTS 
Experiment I 
In this experiment 80 female rats (30-^ 0 g) from both 
high line and low line stock were used to study the effects 
of gonadectomy on growth, muscle cell development and body-
composition. The rats were obtained from an existing colony 
of rats established from a stock of rats with a genetic 
history of postweaning gain (Baker and Chapman, 1969). As 
the animals became available, they were randomly assigned 
to two treatment groups (ovariectomized and intact females) 
and five different weight groups (80, 120, 160, 200 and 2^ 0 
g). Eight rats were sacrificed at approximately 4-0 g body 
weight to serve as controls while the final 24-0 g weight 
group contained only ovariectomized rats in light of the 
slow growth rate of the normal rats in the 200 g weight 
group. Ovariectomy was performed at 21 days of age when 
the animals were assigned to the experiment. 
Ovariectomy at 3 weeks of age resulted in a signifi­
cant acceleration in growth rate at each of the final body 
weights (Table 30)• Ovariectomized rats had lower food con­
sumption than normal rats at the same body weight. The rel­
ative food consumption of the ovariectomized rats at 120, 
160 and 200 g was 2.7, 3'4- and 4-.3 g respectively while the 
relative food consumption by normals was 3.2, 5".2 and 6.9 g 
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Table 30. The effect of ovariectomy upon the growth of 
female rats from parents selected for post-
weaning gain 
Treatment Weight Age Gain Food Relative 
group group (days) Total Daily intake food 
consumption 
Normal 80 37 
g 
48.0 
g 
2.96 
g 
131.9 2.3 
Ovariectomized 80 33 43.4 3.44** 116.5 2.0 
Normal 120 h7 88.8 3.31 267.5 3.2 
Ovariectomized 120 kl 8^ .7 If. 12** 209.4 2.7 
Normal 160 75 128.6 2.45 565.7 
Ovariectomized 160 50 122.6 4.15** 355.8 3.4 
Normal 200 10^  16 0.9 1.94 936.6 6.9 
Ovariectomized 200 63 16^ .1 3.87** 572.0 4.3 
Ovariectomized 2^ -0 69 197.6 4.21 67.2 4.2 
Significant (P<.01) difference between means of the 
treatments. 
at the same body weights. These results show that ovariec-
tomized rats were consuming less feed per g of body weight. 
There was no significant alteration in the DM content 
of muscles when sacrificed at the same body weight (Table 
31). However, the ovariectomized rats possessed signifi­
cantly greater (P<.01) amounts of RNA per muscle at weights 
of 120, 160 and 200 g body weight. These results show that 
the DNA content in the muscle of intact rats plateaued at 
160 g body weight (Table 3I) but there was a continued in­
crease in cell size (protein/DNA) even significantly (P<.01) 
Table 31» Growth and cellular development of the gastrocnemius muscle in normal 
and ovariectomlzed females 
Treatment Weight Age Gastrocnemius Muscle Protein RNA 
group group (days) wt. DNA RNA DNA DNA 
g P-g jJ.g mg/mg mg/mg 
Normal 40 21 0.39 613 920 93 1.5 
Normal 80 37 0.86 103^  1^ 51 1^ 3 1.4 
Ovariectomized 80 33 0.87 1033 1^ -82 14-6 1.4 
Normal 120 k-7 l.h7 1331 1639 200 1.2 
Ovariectomized 120 hi 1.35 1501 2127** 1^ ** 1.4 
Normal 160 7? 2.09 1767 1753 2^ 3 1.1 
Ovariectomized 160 50 1.9h 1827 2909** 182** 1.6 
Normal 200 lOk- 2.59 1751 1709 286 1.0 
Ovariectomized 200 63 2.53 1959 21+86** 232** 1.3 
Ovariectomized 2^ -0 69 3.07 2280 3102 237 1.4 
**Significant (P"^ . 01) difference between means of the treatments. 
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above that of the ovariectomized animals which indicates 
that beyond 160 g the increase in muscle mass of normal 
animals was due to an increase in cell size. The DNA con­
tent of the muscle of ovariectomized rats continued to in­
crease at each weight and the cell size (protein/DNA) also 
increased, thus indicating increased number of nuclei as 
well as an increase in cell size (protein/DNA) within the 
gastrocnemius muscle. The total RNA in the gastrocnemius 
muscle of normal rats plateaued at approximately ^ 0 days 
of age suggesting the possible regulatory action of estro­
gen in normal female rats. The ratio of RNA/DNA as an 
index of protein synthesis (Munro, 1969) demonstrates that 
muscle protein synthesis starts declining in normal rats 
at about 4-0 days of age whereas the muscle protein syn­
thesis is sustained over a longer period of time in ovari­
ectomized rats. 
Analysis of the data with respect to growth periods 
(Table 32) affirms the increased growth rate of ovariec­
tomized rats (P<. 01 ). Although DNA content was similar 
in the two groups up to 160 g (Table 31) there were in­
creases in the accumulation rates of DNA and RNA in ovari­
ectomized animals (Table 32). Simple correlation coeffi­
cients reveal that growth rate for the specific growth 
periods was significantly correlated (P<.01) with the 
daily accumulation of DNA (r =.61) and RNA (r =.53)* 
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Table 32. Accumulation of DM, MA in skeletal muscle of 
ovariectomized and normal female rats 
Treatment 
group 
Weight 
group 
Ave. 
daily 
gain 
DNA RNA 
g p,g/day jig/day 
Normal 
Ovariectomi zed 
0^—80 
0^-80 
2.96 
3.44** 
26.21 
33.04 
32.90 
44.14 
Normal 
Ovariectomized 
80-120 
80-120 
2.83 
3.82** 
19.22 
58.61** 
14.05 
80.11** 
Normal 
Ovariectomized 
120-160 
120-160 
1.89 
3.82** 
15.44 
30.97 
6.24 
74.88** 
Normal 
Ovariectomized 
160-200 
160-200 
0.95 
3.13** 
-1.51 
11.24 
-10.62 
-34.11 
Ovariectomized 200-240 3.28 33.04 59.19 
Significant (P<.01) difference between means of the 
treatments. 
The increased accumulation rate of RNA in muscle of ovari­
ectomized rats would also tend to suggest that RNA may also 
he involved in the control mechanism of muscle growth, pos­
sibly through initiation factors involved in muscle protein 
synthesis (Young, 197^ ). Millward et al. (1973) discovered 
a relationship does exist between rates of protein synthesis 
and RNA concentration in rat skeletal muscle, further sug­
gesting that RNA in some manner is associated in the control 
mechanism of growth and development. 
89 
Table 33* Percentage chemical composition of ovariecto­
mized and normal female rats 
Treatment Weight 
group 
Moisture^  Ash Protein Ether 
extract 
g io % % $ 
Initial controls ifO 71.93 4^ 34 17.50 4.92 
Normal 200 66.67 2.73 19.81 7.04 
Ovariectomized 200 68.38 2.41 . 19.69 6.62 
Ovariectomized 2^ 0 69.02 2.4-1 19.75 6.98 
I^ngesta-free body. 
There was no significant difference observed between 
normal and ovariectomized female rats with respect to 
percent moisture, ash, protein or ether extract (ingesta-
free body) at 200 g body weight (Table 33)« Holt et al. 
(1936) also reported no differences in body composition 
between ovariectomized and normal rats sacrificed at ap­
proximately 52 weeks of age. 
Experiment II 
This experiment was initiated to study the influence 
of food intake on the growth rate of ovariectomized and 
normal female rats and to further evaluate the body compo­
sition of the rats. Forty-two female Sprague-Dawley rats, 
three weeks of age ('+5-55 g ) were randomly assigned to four 
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different groups to be sacrificed at ^  weeks, 6 weeks, 13 
weeks and 23 weeks with two treatments (ovariectomized and 
intact female rats in each group except the 6 week group 
which included only ovariectomized rats). Ovariectomy was 
performed at the start of the trial as previously outlined. 
The rats were weighed weekly and the amount of diet con­
sumed was also recorded for weekly food consumption data. 
There were considerable differences between the body 
weight of ovariectomized females and normal females at the 
specific time intervals of the experiment (Figure 3)» The 
ovariectomized rats gained more weight than normal rats at 
each of the experimental periods. 
The ovariectomized rats consumed more food than normal 
rats particularly at the time interval of accelerated growth 
but smaller differences are observed at maturity (Figure "+). 
The ovariectomized female rats consumed 331»1 g more total 
food than their controls at the end of 23 weeks of the ex­
periment, however, when comparing the ovariectomized with 
normal rats on the basis of g of food intake per unit of 
body weight, the ovariectomized animals tended to eat less 
food per unit of body weight (Table 3^ )- These results are 
in agreement with earlier findings by Holt et al. (1936). 
When the gastrocnemius muscles of normal and ovariec­
tomized rats were compared at a constant age, the muscles 
of ovariectomized animals were considerably larger (Table 
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Figure 4-. Food intake of normal and ovariectomized female 
rats 
Table 3'+« Food intake in grains per gram of body weight during each week of 
experimental period 
Weeks 
experiment 
Age (weeks) 
7 16 26 
Ovariec-
tomized 
Normal Ovariec-
tomized 
g g g 
1 0.96 1.01 0.96 
2 0.86 0.86 0.86 
3 0.77 0.76 0.74 
4 0.78 0.79 0.63 
5 0.55 
6 0.37 
Ovariec-
tomized 
Normal Ovariec" 
tomized 
Normal 
7 
8 
9 
10 
11 
12 
K 
15 
16 
17 
18 
19 
20 
21 
22 
23 
0.97 
0.83 
0.73 
0.6'+ 
0.56 
0.53 
0.^ 5 
o.kk 
0.^ 0 
0.37 
0.38 
0.35 
0.28 
g 
0.85 
0.86 
0.77 
0.68 
0.59 
0.58 
0.50 
0.52 
0.49 
O.kQ 
0.^ 5 
0.^ 3 
0.36 
g 
0.99 
0.87 
0.75 
0.65 
0.55 
0.51 
0.45 
0.^ 3 
0.39 
0.37 
0.3? 
0.34 
0.32 
0.30 
0.28 
0,30 
0.29 
0.29 
0.28 
0.28 
0.27 
0.28 
0.27 
g 
1.05 
0.88 
0 .79  
0.67 
0.59 
0.56 
0.47 
O.Sl 
0.42 
0.44 
0.46 
0.43 
0.4l 
0.42 
0.37 
0.39 
0.40 
0.39 
0.43 
0.4l 
0.38 
0.40 
0.42 
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35)' The two treatment groups (ovariectomized and normal) 
also differed markedly with respect to DNA and RNA content 
in the muscle (Table 35)» Normal female rats continued to 
accumulate additional nuclei in the gastrocnemius muscle 
to about 7 weeks of age (Figure 5) while hyperplasia (DNA) 
in the skeletal muscle of ovariectomized animals plateaued 
some 3 weeks later suggesting later maturation of the growth 
process in ovariectomized animals allowing for greater 
growth rate. Ovariectomized rats also accumulated RM in 
the gastrocnemius muscle at a more rapid rate than normal 
female rats (Figure 6). There was a marked decline in the 
RNA content of the gastrocnemius muscle of ovariectomized 
rats at 16 weeks in age which was related to the decline 
in food intake (Figure h) which occurred at the same time. 
Young and Alexis (1968) and Trenkle (1974) have also shown 
a decrease in RNA content of the muscle as a result of lim­
ited feeding. 
Gonadectomy resulted in a significant (P<.01) increase 
in the percent ether extract only at 26 weeks of age (Table 
36). However, when comparing ovariectomized and normal 
rats at the same body weight, the normal rats had signifi­
cantly (P<.01) greater percent ether extract (ovariectomized 
9 weeks of age vs normal 26 weeks of age). These results 
show that the increased growth in ovariectomized rats is 
due to increased lipid, protein and water gain rather than 
Table 35. Body weight gain and cellular muscle development of skeletal muscle 
in normal and ovariectorn!zed female rats 
Treatment Age Body Gastrocne­ Muscle RNA Protein 
group weeks wt. 
gain 
mius wt. DNA RNA Protein DNA DNA 
g g Rg ug mg p-g/p-g mg/mg 
Controls 0.56 716 1298 91.9 1.8 128.8 
Normal 
Ovariec-
tomized 
7 
7 
104.0 
134.0 
2.09 
2.44 
1702 
2143 
2460 
2821 
210.5 
201.9 
Ovariec-
tomized 9 217.5 3.62 2703 3980 637.8 1.6 245.8 
Normal 
Ovariec-
tomized 
16 
16 
198.2 
302.7 
1955 
2527 3188 
694.8 
909.2 
1.3 
1.3 
362.1 
368.7 
Normal 
Ovariec-
tomized 
26 
26 
224.7 
362.5 
3.67 
4.92 
2098 
2940 
2838 
3757 
729 .1  
1078.0 
1.3 
1.2 
349.6 
348.9 
(P<.05) 
(P<.01) 
10.9* 
l4.l 
0.17 
0.22 
278 
373 
176 
236 
54.6 
73.2 
0.15 
0.21 
28.4 
38.1 
D^ifferences required for significance. 
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Figure 5. Accumulation of DNA in the gastrocnemius muscle of 
ovariectomized and normal rats 
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ovariectomized and normal rats 
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Table 36. Ingesta-free body composition of normal and 
ovariectomized female rats 
Treatment 
group 
Age Final Moisture Ash 
(weeks) wt. 
Protein Ether 
extract 
g % % % % 
Normal 
Ovariectomized 
7 
7 
152.3 
185.3 
64.37 
67.58 
4.16 
3.38 
18.77 
19.04 
11.32 
8.01 
Ovariectomized 9 273.8 63.69 3.50 19.10 10.85 
Normal 
Ovariectomized 
16 
16 
248.0 
353.2 
61.12 
57.67 
4.11 
3.43 
18.06 
18.71 
13.22 
15.80 
Normal 
Ovariectomized 
26 
26 m-.î 47.90 52.61 3.89 3.28 18.24 17.85 16.72 23.27 
(P<.05) 
(P<.01) . 
11.4& 
15.3 
1.57 
2.11 
0.27 
0.36 
0.95 
1.27 
2.89 
3.88 
Difference required for significance. 
lipid as recently suggested by Dubuc (1974). 
There was a significant difference (P<. 01) between the 
normal and ovariectomized rats with respect to anterior 
pituitary weights at the same age (Table 37). The amount 
of growth hormone in the pituitary was also greater in the 
ovariectomized rats, however, when compared on the basis of 
growth hormone per unit of pituitary the differences were 
minimal. There was no general trends in pituitary growth 
hormone per unit of body weight or plasma levels of growth 
hormone and insulin that would indicate a difference 
Table 3?. Effects of ovariectomy upon anterior pituitary weight, pituitary growth 
hormone and plasma growth hormone and insulin 
Treatment Age Body Anterior pituitary Pituitary Plasma 
group (weeks) wt. wt. Growth 
hormone 
Growth 
hormone/ 
unit of 
pituitary 
growth 
hormone/ 
g body wt. 
Growth 
hormone 
Insulin 
g mg [Ag g^/mg pg/g ng/ml ng/ml 
Control 3 2.18 107.2 49.3 1.92 9.02 0.59 
Normal 7 
Ovariec- 7 
bomized 
152.3 
185.3 
362.0 
538.7 
58.2 
58.9 
2.37 
2.91 
18.78 
32.47 
1.03 
1.78 
Ovariec- 9 
tomized 
273.8 10.31 571.0 55.2 2.11 13.15 1.31 
Normal 16 
Ovariec- 16 
tomized 
248.3 
35*3.2 10.88 
307.0 
465.0 
33.3 
43.2 
1.24 
1.30 
17.03 
20.73 
0.89 
0.80 
Normal 26 
Ovariec- 26 
tomized 
10.08 
10.54 
12.25 
10.52 
0.72 
0.51 
(P<.05) 
(P<.01) 
11.4^  
15.3 
0.67 
0.90 
58.5 
79.2 
7.3 
9.9 
0.29 
0.39 
9.71 
13.04 
0.26 
0.35 
D^ifferences required for significance. 
98 
between normal and ovariectomized rats. There was a sig­
nificant difference in plasma growth hormone and insulin 
in favor of the ovariectomized animals at 7 weeks. Plasma 
growth hormone tended to be negatively correlated with weight 
gain (r = -.22) and body weight (r = -.21). Plasma insulin 
levels were also negatively correlated (P<.01) with weight 
gain (r = -.4?) and body weight (r = -.46). 
Experiment III 
The purpose of this experiment was to study the effects 
of implants of Estradiol-lVP on growth, cellular muscle de­
velopment and body composition in ovariectomized and normal 
female rats. Female Sprague-Dawley rats were left intact 
or ovariectomized at three weeks of age (4-5-55 g). Half 
the normal and ovariectomized animals were implanted with 
either blank tubes or tubes containing estradiol at 3 weeks 
of age when the experiment was started. The remaining half 
of the animals were implanted with blanks or tubes contain­
ing hormone at 9 weeks of age. The animals implanted at 3 
weeks were sacrificed at 9 weeks of age and those implanted 
at 9 weeks were sacrificed at 15 weeks of age. 
Ovariectomy resulted in acceleration of growth as re­
ported in previous experiments (Table 38). Weights of 
paired gastrocnemius muscles (g) and DM and RNA content 
(^ g/muscle) were 2.77, 214-7 and 2653 for normal rats at 9 
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weeks of age and 3.69, 2936 and 3933 for ovariectomized 
rats again showing that ovariectomized animals were accum­
ulating DNA and RNA at a more rapid rate than normal female 
rats as observed in the previous experiment. Implanting 
estradiol at 3 weeks of age prevented the increase in growth 
of ovariectomized rats and resulted in gains comparable to 
normal female rats treated with estradiol. Implanting 
estradiol in ovariectomized rats at 3 weeks of age pre­
vented the increase in muscle weight, DNA, RNA and protein 
observed in untreated ovariectomized rats. Implanting 
estradiol in normal rats at 3 weeks of age reduced body 
weight gain, muscle weight and muscle DNA, RNA and protein 
content at 9 weeks of age. 
Implanting the hormone in ovariectomized rats at 9 
weeks of age resulted in a loss of body weight (25.0 g), 
whereas the untreated ovariectomized rats continued to gain 
weight (79«1 g)« When the ovariectomized rats implanted 
with estradiol at 9 weeks of age are compared with the 
ovariectomized rats sacrificed at 9 weeks of age, it ap­
pears muscle weight and muscle DNA and protein were main­
tained whereas muscle RNA was decreased. The 15 week old 
untreated ovariectomized or normal rats had only slightly 
more DNA in the muscle than the 9 weeks old untreated 
ovariectomized or normal animals which suggests that ac­
cumulation of muscle nuclei was nearly completed by 9 weeks 
100 
of age. The ovariectomized rats, however, had more total 
DNA than the normal at both ages as observed in the other 
experiments. The hormone seemed to completely stop any 
accumulation of more nuclei in the muscle but did not stop 
synthesis of protein. Even though the ovariectomized rats 
treated with estradiol at 9 weeks of age lost weight during 
the following 6 weeks so they were of similar body weights 
of normal rats at 15" weeks of age, the gastrocnemius muscles 
of treated animals remained larger than the muscles of nor­
mal rats at 15 weeks of age (Table 38). The muscles from 
the treated ovariectomized rats also had more DNA, RNA and 
protein than the muscle from the normal animals. 
A reduction in weekly food consumption was observed 
(Table 39) when normal and ovariectomized female rats were 
implanted with estradiol. This was especially apparent 
during the third and subsequent weeks of the experiment 
i^ en the rats were implanted at the beginning of the experi­
ment. Implanting normal and ovariectomized females with 
estradiol at 9 weeks of age resulted in a more sudden re­
duction of food intake. The ovariectomized animals con­
sumed more food than normal rats, however, there was very 
little difference between treatments when intake was ex­
pressed as food per g of body weight (Table ^ 0). 
The mean values for body composition from the animals 
used in this study are shown in Table 41. Ovariectomy did 
Table 38. Effects of Estradiol-iyp on growth and cellular 
development of skeletal muscle in normal and 
ovariectomized female rats 
Treatment Age 
(weeks ) 
Body wt. gain 
6 wk. 6-12 
wk. 
Total 
Controls 
Group I , 
Normal (7)° 9 
Normal+E (7 ) 9 
Ovariectomized (7) 9 
Ovariectomized+E (7) 9 
156.1 
113.0 
231.3 
101.0 
156.1 
113.0 
231.3 
101.0 
Group II 
Normal (6) 15 
Normal+E (6) 15 
Ovariectomized (7) 15 
Ovariectomized+E (7) 15 
1^ 8.7 
132.5 
205.6 
234.1 
4.9.8 
33.5 
79.1 
-25.0 
198.5 
166.0 
284.7 
204.6 
(P<.05) 
(P<.01) 
11.7" 
15.6 
21.7 
29.4 
15.3 
20.4 
E^stradiol implanted at 3 weeks of age. 
A^nimals per treatment 
E^stradiol implantée at 9 weeks of age 
D^ifference required for significance. 
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Gastrocne- Mà Protein 
mius wt. DNA RM Protein DNA DNA 
g fxg jj,g mg g^/^ g mg/mg 
0.62 902 1588 99.9 1.8 110.5 
2.77 2147 2653 506.5 1-3 24-1.0 
2.28 1914- 2128 44-5.2 1.1 235-1 
3.69 2936 3933 680.5 1.4- 234.1 
2.09 1652 1922 4-15.3 1.2 257.3 
3.38 2315 258 0 697.8 1.2 3 03-4-
3.15 2000 24-52 634^ 3 1.2 325.2 
4-.61 3077 3524- 94-9.2 1.1 310.7 
3.82 2773 2687 797.9 1-0 293-9 
0.22 292 272 56.2 0.13 33.2 
0.30 389 363 75.1 0.18 4-4.3 
Table 39. Average total food intake of ovariectomized and normal rats treated 
with Estradiol-17P 
Weeks of Age in weeks when sacrificed 
experi- 9 1^  
ment Normal Normal+ Ovariec- Ovariec- Normal Normal Ovariec- Ovariec-
Estradiol tomized tomized+ Estradiol tomized tomized+ 
Estradiol Estradiol 
g g g g g g g 
1 81.2 80.6 77.^  76.4 79.7 77.1 77.6 79.6 
2 115.1 111.2 110.2 102.3 119.8 102.7 112.5 120.»+ 
3 123.9 117.2 133.^  118.5 129.1 109.9 129.0 132.5 
4 86.7 74.5 100.2 71.3 117.1 93.9 113.3 122.1 
5 105.1 86.2 130.1 90.3 123.2 102.6 130.1 13^ .5 
6 121.2 9'+.! 137.0 99.? 126.7 111.5 132.8 141.8 
7 121.9 99.8 119.9 111.1 
8 107.0 97.9 127.7 112.3 
9 112.3 100.5 121.5 119.^  
10 108.9 99.5 119.3 113.9 
11 105.2 9^ .0 115.3 114.2 
12 108.7 93.5 130.9 91.1 
Table 4-0. Food Intake per unit of body weight during each week of experimental 
period in ovariectomized and normal rats treated with Estradiol-ivp 
Weeks of Age in weeks when sacrificed 
experi- 9 1$ 
Normal Normal+ Ovariec- Ovariec- Normal Normal Ovariec- Ovarlec-
Estradiol tomized tomized+ Estradiol tomized tomized+ 
Estradiol Estradiol 
g/g body weight 
1 1.20 1.26 1.17 1.25 1.10 1.15 1.10 1.14-
2 1.11 1.20 1.12 1.13 1.11 1.07 1.11 1.06 
3 0.93 1.02 0.98 1.06 0.9^  0.85 0.85 0.82 
4 0.58 0.^ 7 0.60 0.57 0.7^  0.66 0.61 0.62 
5 0.9^ 1.11 0.93 1.18 1.02 1.02 0.85 0.80 
6 0.6^  0.62 0.22 0.67 0.65 0.63 0.55 0.52 
7 0.58 0.53 0.52 0,4-0 
8 0.49 0.50 0.51 0.4-3 
9 0.4-9 0.4-9 0.4-7 0.4-5 
10 0.4-6 0.4-6 0.4-4- 0.4-1 
11 0.4-3 0.4-4- 0.4-1 0.4-3 
12 0.4-3 0.4-3 0.4-0 0.38 
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Table ^ 1. Effects of Estradiol-17J3 on ingesta-free body 
composition in normal and ovariectomized female 
rats 
Treatment Age in Final Water Ash Protein Ether 
group weeks ¥t. extraci 
g % % % % 
Control 3 65.2 71.72 3.61 17.35 6.25 
Group I 
19.04 Normal 9 206.3 60.29 3.91 15.38 
Normal + 
Estradiol 9 161.1 62.10 5.4i 18.36 12.11 
Ovariectomized 9 276.6 61.53 3.37 18.93 13.68 
Ovariectomized 
146.2 + Estradiol 9 62.57 5.38 19.08 11.61 
Group II 
252.0 Normal 15 56.77 3.97 17.46 18.98 
Normal + 
Estradiol 15 216.2 60.46 4.62 18.08 12.82 
Ovariectomized 15 336.6 58.14 3.61 18.85 17.37 
Ovariectomized 
+ Estradiol 15 259.3 59.42 4.76 19.54 13.76 
(P<.05) 
(P<.01) 
19. 
25.9 
1.69 
2.25 
0.38 
0.38 
0.67 
0.90 
2.06 
2.75 
^Differences required for significance. 
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not greatly alter the proportion of water, protein or 
lipid deposited during growth. Because the ovariectomized 
animals grew faster, they gained more of each of the three 
constituents. Implanting estradiol increased water and 
decreased lipid in each comparison. Normal female rats at 
9 and 15" weeks of age possessed a significantly (P<.01) 
greater percent ash than ovariectomized rats at the same 
age. Implanting of normal and ovariectomized rats with 
estradiol also resulted in a marked increase in the percent 
ash, indicating that estrogen promoted ossification of bone 
cartilage. 
Implanting normal and ovariectomized rats with estra­
diol reduced the body weight quite significantly while the 
anterior pituitary in the treated rats weighed about the 
same or in some instances somewhat more (Table ^ 2). At 9 
weeks of age the amount of growth hormone in the pituitary 
was significantly (P<.01) less in animals implanted with 
estradiol, however, the concentration of growth hormone in 
the plasma was not affected by this treatment at either 
age studied. The estradiol implants did not appear to 
affect concentrations of plasma insulin. The ovariecto­
mized rats had larger pituitaries which contained more 
growth hormone but when expressed in relation to pituitary 
weight or body weight, growth hormone levels were not sig­
nificantly different as observed in experiment II. Plasma 
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concentrations of growth hormone and insulin were not sig­
nificantly different in normal and ovariectomized rats. 
Uterine weights were taken to obtain some information about 
the amount of estrogen released from the implants. Based 
upon the average weight of the uterus in the different 
groups, it seems that the implants were releasing near 
physiological quantities of estrogen. 
Table h2. Effect of ovariectomy and Estradiol-17P on selected endocrine tissues, 
pituitary growth hormone and levels of growth hormone and insulin 
Group Age Body Anterior pituitary Plasma uterus 
wt. Wt, Growth Growth Pituitary Growth Insulin 
hormone hormone/ growth hormone 
unit of hormone/g 
pituitary body wt. 
g mg M-g |xg/mg }Xg/g ng/ml ng/ml mg 
Control 3 65' 2 2. 73 64.0 23. 5 0.98 10. 78 0.11 77.1 
Group 
481.0 Normal 9 206. 3 6. 24- 77. 1 2.33 19. 06 0.83 386.3 
Normal + 
Estradiol 9 161. 1 6. 76 233.9 3^ . 6 1.45 18. 18 0.80 229.6 
Ovariectomized 9 276. 6 9. 65 689.6 71. 5 2.49 13. 77 
C\J 1—I tH 47.1 
Ovariectomized 
+ Estradiol 9 146. 2 7. 49 200.2 26. 7 1.36 17. 45 1.09 184.5 
Group 11^  
Normal 
CM 
0 7. 86 27. 18 0.97 438.1 
Normal + 
Estradiol 15 216. 2 10. 26 17. 97 0.64 408.3 
0var iectomi zed 15 336. 6 11. 07 20. 72 0.59 43.9 
Ovariectomized 
+ Estradiol 15 259. 3 11. 19 20. 27 0.75 290.2 
(P<.05) 19. ' 0. 96 189.9 21. 3 0.32 9. 25 0.47 54.92 (P<.01) 25. 9 1. 28 254.8 28. 6 0.41 12. 36 0.63 73.37 
E^stradiol-iyp implanted at the beginning of the experiment. 
E^stradiol-17p implanted at 6 weeks of the experiment. 
D^ifferences required for significance. 
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DISCUSSION 
In these studies, ovariectomy of rats at weaning 
promoted a significant (P<.01) acceleration in growth rate 
above that of normal rats as has also been observed in 
other research investigations (Holt et al., 1936; Nyda et 
al., 1948; Bull et al., 19740. Several research groups 
(Dubuc, 1974; Redwick et al., 1973) have suggested that 
the effect of ovariectomy is an increase in lipid deposi­
tion, however, it has been found in the present studies 
that the increased weight gain was not the result of in­
creased adipose tissue. In fact, ovariectomized rats 
possessed significantly (P<.01) lower amounts of lipid 
than normal rats at the same body weight. These data 
would suggest that the ovariectomized rats gained more 
water, protein and lipid. Ovariectomized rats did eat 
more food over a given period of time in these experiments 
but the amount of feed consumed per g of body weight was 
actually slightly less in the ovariectomized animals, as 
was also reported by Holt et al. (1936). This observation 
indicated that food intake per se is not the specific cause 
of the increased growth. 
The DM content per muscle in ovariectomized and nor­
mal rats at the same muscle weight was not altered, although 
the ovariectomized rats were growing faster and accumulated 
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DNA at a faster rate so at a constant age the ovariecto­
mized rats had larger muscles with more DNA. The RNA con­
tent of skeletal muscle in ovariectomized rats was sig­
nificantly (P<.01) greater than that observed in normal 
rats. Young (19740 has suggested a possible role of MA 
in controlling growth of skeletal muscle. 
Normal rats at 7 weeks of age had significantly 
(P<.01) lower plasma growth hormone and insulin levels 
than ovariectomized rats. However, at 9 weeks of age the 
plasma growth hormone and insulin levels in ovariectomized 
rats were considerably reduced and plasma growth hormone 
tended to decrease with increases in body weight. It 
would seem that ovariectomy (absence of estrogen) allows 
a more accelerated response to growth hormone whereas 
estrogen is exerting an inhibitory effect on growth. 
The implanting of estradiol was effective in pre­
venting the acceleration of growth in ovariectomized rats 
indicating that estrogen is involved in decreasing the 
growth rate of normal female rats. Estradiol appeared to 
be antagonistic rather than inhibitory to muscle protein 
synthesis as protein synthesis was slowed but not com­
pletely inhibited by the hormone. Normal rats and the 
ovariectomized rats treated with estradiol at 3 weeks of 
age weighed 206.3 g and 146.2 g respectively at 9 weeks 
of age while normal rats and ovariectomized rats treated 
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with estradiol at 9 weeks of age weighed 252.0 and 259*3 g 
respectively at 15 weeks of age. Although it might appear 
that estrogens exert a greater weight limiting affect in 
younger animals, the dose of estrogens was greater per unit 
of body weight at 3 weeks of age than at 9 weeks. 
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SUMMARY 
Ovariectomy resulted in increased weight gain of 
rats. The chemical composition of the increased gain 
was the same as that of normal intact female rats. 
Ovariectomy increased total food intake but when expressed 
in relation to body weight the ovariectomized rats actu­
ally consumed slightly less food. As a result the ovari­
ectomized rats were more efficient in converting food to 
gain. 
The DNA content of skeletal muscle of ovariectomized 
and normal rats at the same body weight was not altered, 
however, because the ovariectomized rats were growing 
faster there was an increase in the rate of accumulation 
of DNA and RNA in skeletal muscle of ovariectomized rats. 
The daily accumulation of DNA and RNA was positively cor­
related with average daily gain. At the same age, muscles 
from ovariectomized rats were heavier than from normal rats 
and had more DNA and RNA. 
Implanting estradiol in ovariectomized rats at 3 weeks 
of age prevented the increase in growth of ovariectomized 
rats. The gastrocnemius muscles of the ovariectomized 
treated rats were also smaller and had lower levels of DNA, 
RNA and protein per muscle. Rats ovariectomized at 3 weeks 
of age and implanted with estradiol at 9 weeks of age lost 
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body weight after implanting so at 15 weeks of age the 
treated ovariectomized rats were similar in body weight 
to the normal female rats of the same age. These rats, 
however, had heavier muscles with more total DM per muscle 
than the normal rats. Muscle protein synthesis continued 
to progress at a slower rate following estradiol treatment. 
Estradiol treatment reduced growth hormone in the pituitary 
and growth hormone per unit of pituitary but had little 
effect on concentrations of plasma growth hormone. 
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GENERAL DISCUSSION AND SUMMARY 
Animals selected for postweaning growth rate provide 
a means "by which output can be increased in animal produc­
tion systems (Boston et al., 197?; Fitzhugh, 1975; Christian 
et al., 1965). However, knowledge concerning the mechanism 
of growth at the cellular level of animals selected for in­
creased growth rate is somewhat limited. In the present 
study rats selected for increased growth rate have been 
used to study cellular development of skeletal muscle. The 
purpose of these studies was to study protein metabolism, 
muscle cellular development and body composition of rats 
from parents selected for high and low postweaning gain. 
The results of these findings support the following con­
clusions. 
The results of the metabolism study with the high and 
low gaining rats showed that there were small differences 
in digestion of protein and energy. The biological value 
of casein protein determined with high line rats was simi­
lar to that obtained with low line rats. Increasing the 
dietary protein from l4 to 24- percent did not significantly 
alter the body weight gain of high line or low line rats. 
Rats from parents selected for increased growth rate, 
gain weight at a faster rate and they have a larger body 
size than animals from parents selected for decreased growth 
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potentials These findings are in agreement with Baker and 
Chapman (1975) who developed the colony which provided the 
parents of the animals used in this study. The feed intake 
of faster gaining animals from 4—9 weeks of age was greater 
than animals with decreased growth rate thus the efficiency 
of converting dietary protein to body protein was similar. 
However, when slow and fast gaining animals are compared on 
a weight constant basis, animals from parents selected for 
increased growth rate gained weight at a faster rate and 
were more efficient in converting dietary protein to body 
protein. 
Cheek et al. (1965) suggested that increased growth 
rate is associated with the replication of the DWA molecule. 
The DNA content per muscle was the same in muscle tissue 
of faster gaining and slower gaining animals when compared 
at similar body weights. There was a marked increase in 
the rate of accumulation of DM and RMA in faster gaining 
animals. Consequently, faster gaining animals accumulate 
nuclei in their muscles at a more rapid rate. This faster 
accumulation of muscle nuclei may result in the greater 
muscle growth found in the larger animals. These investi­
gations show that animals selected for increased growth rate 
continue to accumulate DNA and RNA for a longer period of 
time than animals possessing a slower growth rate. Ezekwe 
and Martin (1975) have concluded that muscle growth in 
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faster gaining lean pigs was achieved by greater number of 
cells (DNA) and cell size (protein/DM). However, Robinson 
and Bradford (1969) reported that increased muscle weight 
observed in a fast growing strain of mice was due to an 
increase in cell number rather than cell size. In high 
line rats DNA per muscle and the protein/DNA ratio con­
tinued to increase to 360 g body weight while in low line 
rats protein/DNA ratio increased to 320 g body weight. 
This would indicate that faster gaining animals are also 
later maturing which allows for increased growth. 
No differences were observed between the two 
lines of rats with respect to composition of the ingesta-
free body. As percent water increased in the body, lipids 
decreased. The percent lipids remained somewhat lower 
than that observed in cattle as reported by Reid et al., 
1955. 
The growth pattern of ovariectomized rats is similar 
to growth and muscle cellular development of male rats 
which is supported by findings of Cheek and Hill (197^). 
Treatment with exogenous estrogen prevented the increased 
growth rate observed in ovariectomized rats but did not 
completely inhibit protein synthesis. Geshwind and Li 
(1955) have demonstrated a complete suppression of bovine 
growth hormone-induced growth of ephiphyseal cartilage in 
hyposectomized rats with estrogen treatment. 
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Plasma growth hormone levels of faster gaining male 
rats during accelerated growth were higher than plasma 
levels of male rats with decreased growth rate. The plasma 
growth hormone levels tended to decrease at heavier body 
weights. Siers and Swiger (1971) also observed that plasma 
growth hormone tended to decrease in pigs as the animals 
became larger which was attributed to a diluting effect 
of the increase in size. It would appear that the in­
creased accumulation of muscle DNA observed in faster gain­
ing rats could be associated with the increase in plasma 
growth hormone during the period of accelerated growth. 
Beach and Kostyo (1968) have concluded that the increase 
in muscle DNA, which occurs during the course of normal 
growth in rats, is dependent on growth hormone. The in­
creased growth of ovariectomized rats which was similar to 
that observed in the genetically selected rats, however, 
did not seem to be the result of higher levels of pitui­
tary or plasma growth hormone. It may be that estrogens 
decrease the production of somatomedin which is dependent 
upon growth hormone. Wiedemann and Schwartz (1972) have 
observed lower somatomedin levels in estrogen treated 
humans given growth hormone. It remains to be established, 
however, that muscle growth is controlled by somatomedin. 
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